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1 

VERTEBRATE TELOMERASE GENES AND PROTEINS 
AND USES THEREOF 

TECHNICAL FIELD 

This invention relates generally to telomerases, and particularly to the 
5 human telomerase gene and protein and uses for diagnostics and therapy. 

BACKGROUND OF THE INVENTION 

Non-circular chromosomes require a specialized mechanism for 
maintaining chromosome ends after each cell division because the polymerases 
responsible for replication of chromosomal DNA are unable to fully replicate linear 
10 DNA molecules, creating an "end replicating problem." To meet this challenge, 
eukaryotic cells depend upon an enzyme, telomerase, to add short, typically G-rich, 
relatively conserved repeats onto chromosomal ends. These repeat structures are 
termed telomeres. 

The presence of telomeres is essential for cell viability. The absence of 

15 even a single telomere leads to cell cycle arrest in yeast, a eukaryotic cell (Sandell and 
Zakian, Cell 75:729, 1993). Telomeres shorten during replication; telomerase restores 
the telomeres. Thus, as expected, telomerase activity is primarily detected in actively 
dividing cells. As such, telomerase activity is constitutive in unicellular organisms and 
is regulated in more complex organisms, relatively abundant in germline and embryonic 

20 tissues and cells as well as tumor cells. In contrast, telomerase activity is difficult to 
detect in normal somatic human tissues. Moreover, rather than cessation of replication 
resulting in decreased telomerase, recent data indicate that telomerase inhibition might 
be one of the critical events in this transition. The seemingly direct correlation of 
telomerase/replication activities have prompted much speculation that inhibitors of 

25 telomerase could be a "universal" cancer therapeutic, effective for essentially all tumor 
types, whereas stimulators of telomerase could overcome the observed natural 
senescence of normal cells. 

Spurred by these models, characterization of telomerase for culmination 
in isolation and cloning of telomerase has been a high priority. The mechanism of 

30 telomere elongation has been shown to center on the G-rich strand of the telomeric 
repeats. This G-rich strand, which extends to the 3* end of the chromosome, is extended 
by telomerase, a ribonucleoprotein, from the RNA component, which acts as a template. 
Various components of this complex have been isolated and cloned. The RNA 
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component of the complex has been isolated and cloned from many different organisms, 
including humans (Feng et al. Science 269: 1236, 1995), mice and other mammalian 
species, Saccharomyces cerevisiae, Tetrahymena, Euplotes, and Oxytricha (see, Singer 
and Gottschling, Science, 266: 404, 1994; Lingner et al. Genes & Develop. 8: 1984, 

5 1994; and Romero and Blackburn, Cell 67: 343, 1994). Protein components have been 
relatively refractory to isolation. Recently, the nucleotide sequences of several protein 
components have been determined (an 80 kD/95 kD dimeric protein from Tetrahymena, 
WO 96/19580; and a 67 kD protein from humans, WO 97/083 14). 

The present invention discloses nucleotide and amino acid sequences of 

10 telomerase, uses of these sequences for diagnostics and therapeutic uses, and further 
provides other related advantages. 

SUMMARY OF THE INVENTION 

In one aspect, this invention generally provides isolated nucleic acid 
molecules encoding vertebrate telomerase (including variants thereof). Representative 

15 examples of vertebrates include mammals such as humans, old world monkeys (e.g., 
macaques, chimps, and baboons), dogs, rats, and mice, as well as non-mammalian 
organisms such as birds. In a preferred embodiment, the nucleic acid molecule 
encoding a vertebrate telomerase is provided, wherein the nucleic acid molecule 
comprises the sequence presented in Figure 1, or hybridizes under stringent conditions 

20 to the complement of the sequence presented in Figure 1, provided that the nucleic acid 
molecule is not EST AA281296. 

In other preferred embodiments, the nucleic acid molecule comprises any 
of the sequences presented in Figure 1 1 or encodes any of the amino acid sequences 
presented in Figure 11, or hybridizes under normal stringency conditions to the 

25 complement of the sequences thereof, provided that the nucleic acid molecule is not 
EST AA281296. In other embodiments, the nucleic acid molecule comprises any of the 
sequences presented in Figure 10, or hybridizes under normal stringency conditions to 
the complement of the sequences thereof. 

In another aspect, the invention provides an oligonucleotide comprising 

30 from 10 to 100 contiguous nucleotides from the sequence presented in Figure 1 or its 
complement and from 10 to 1 00 contiguous nucleotides from the sequences presented in 
Figure 10 or the complements thereof. The oligonucleotides may be labeled with a 
detectable label. 

In yet another aspect, an expression vector is provided, comprising a 
35 heterologous promoter operably linked to a nucleic acid molecule of human telomerase. 
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The vector may be selected from the group consisting of bacterial vectors, retroviral 
vectors, adenoviral vectors and yeast vectors. Host cells containing such vectors are 
also provided. 

In another aspect, the invention provides an isolated protein comprising a 
5 human telomerase protein. The protein may comprise the amino acid sequence 
presented in Figure 1 or variant thereof or any of the amino acid sequences presented in 
Figure 11 or variant thereof. In a related aspect, the protein is a portion of a human 
telomerase protein, which may derive from the sequences presented in Figures 1 or 1 1. 
In preferred embodiments, the portion is from 10 to 100 amino acids long. 

10 In other aspects, antibodies that specifically binds to human telomerase 

protein or portions are provided. 

In a preferred aspect, an oligonucleotide (e.g. 9 a nucleic acid probe or 
primer) is provided that is capable of specifically hybridizing to a nucleic acid molecule 
encoding a human telomerase under conditions of normal stringency. Within certain 

15 embodiments, the nucleic acid molecule has a detectable label. Within certain 
embodiments, the nucleic acid molecule is selected such that it does not hybridize to 
nucleotides 1624-2012 presented in Figure 1. Within certain embodiments of the 
invention, the nucleic acid probe or primer may differ from a wild-type telomerase 
sequence by one or more nucleotides. 

20 In a related aspect, the invention provides a pair of oligonucleotide 

primers capable of specifically amplifying all or a portion of a nucleic acid molecule 
encoding human telomerase. In specific embodiments, the nucleic acid molecule 
comprises the sequence presented in Figure 1, Figure 11, or complements thereof In 
preferred embodiments, the pair of primers is capable of specifically amplifying 

25 sequence comprising all or a part of region 1, region a, region P, region 2, region 3 
region X or region Y. In a related aspect, the invention provides an oligonucleotide that 
hybridizes specifically to a nucleic acid sequence in region 1, region a, region p, region 
2, region 3 region X or region Y. 

Methods for diagnosing cancer in a patent are also provided. These 

30 methods comprise preparing tumor cDNA and amplifying the tumor cDNA using 
primers that specifically amplify human telomerase nucleic acid sequence, wherein the 
detection of telomerase nucleic acid sequences is indicative of a diagnosis of cancer. 
The amount of detected sequences may be comared to the amount of amplified 
telomerase sequence to a control, wherein increase telomerase nucleic acid sequences 

35 over the control is indicative of a diagnosis of cancer. 
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In yet another aspect, a method of determining a pattern of telomerase 
RNA expression in cells is provided, comprising preparing cDNA from mRNA isolated 
from the cells, amplifying the cDNA using primers according to claim 35, therefrom 
determining the pattern of telomerase RNA expression. In preferred embodiments, the 
5 method further comprises detecting the amplified product by hybridization with an 
oligonucleotide having all or part of the sequence of region 1, region a, region (i, region 
2, region 3 region X or region Y. These methods may be used to diagnose cancer in a 
patient, wherein the pattern is indicative of a diagnosis of cancer. 

The invention also provides non-human transgenic animals whose cells 

10 contain a human telomerase gene that is operably linked to a promoter effective for the 
expression of the gene. In preferred embodiments, the animal is a mouse and the 
promoter is tissue-specific. In a related aspect, the invention provides a mouse whose 
cells have an endogenous telomerase gene disrupted by homologous recombination with 
a nonfunctional telomerase gene, wherein the mouse is unable to express endogenous 

15 telomerase. 

The invention also provides inhibitors of human telomerase activity, as 
well as assays for identifying inhibitors of telomerase activity wherein the inhibitor 
binds to telomerase and is not a nucleoside analogue. The inhibitor may be an antisense 
nucleic acid complementary to human telomerase mRNA, a ribozyme and the like. The 

20 inhibitors may be used to treat cancer. 

Also provided are methods for identifying an effector of telomerase 
activity, comprising the general steps of (a) adding a candidate effector to a mixture of 
telomerase protein, RNA component and template, wherein the telomerase protein is 
encoded by an isolated nucleic acid molecule as described above; (b) detecting 

25 telomerase activity, and (c) comparing the amount of activity in step (b) to the amount 
of activity in a control mixture without candidate effector, therefrom identifying an 
effector. Within further embodiments the effector is an inhibitor. With yet other 
embodiments the the nucleic acid molecule encodes human telomerase. 

These and other aspects of the present invention will become evident 

30 upon reference to the following detailed description and attached drawings. In addition, 
various references are set forth below which describe in more detail certain procedures 
or compositions (e.g., plasmids, etc.), and are therefore incorporated by reference in 
their entirety. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1A-E present a DNA sequence (SEQ ID No: ) and predicted 

amino acid sequence (SEQ ID No: ) of human telomerase. 

Figure 2 presents an alignment of Euplotes aediculatus pl23 (SEQ ID 

5 No: ), yeast (EST2) (SEQ ID No: ) and human (HT1) telomerase protein (amino 

acids 29-1132) sequences. Reverse transcriptase motifs are indicated. The region of 
high homology among all three proteins is defined as the Telomerase region. The 
sequences are aligned with Clustal W. 

Figure 3 is a scanned image of a Northern analysis showing that the 

10 telomerase catalytic subunit is expressed in LIM 1215 colon carcinoma cells but not in 
CCD primary fibroblasts. An mRNA of approximately 3.8 kb hybridizes to the hTl 
probe. An additional cross-hybridizing mRNA of higher molecular weight is indicated 
by the top arrowhead. Cross-hybridization to ribosomal RNA present in the polyA + 
RNA preparation is indicated. The same blot is also hybridized to a probe from the 

15 GAPDH gene as a loading control (lower panel). Marker sizes are indicated in kb. 

Figure 4 is a scanned image of a Southern analysis showing that the 
telomerase catalytic subunit is encoded by a single gene and is not amplified in LIM 
1215 cells. Genomic DNA isolated from peripheral human blood and LIM 1215 cell 
line is probed with a hTl probe. The blot also contains dilutions of probe plasmid to 

20 control for the sensitivity of detection. The plasmid is diluted to approximately 10, 5 
and 1 genome equivalents. H, Hind III; E, Eco RI; P, Pst I; X, Xba I; B, Bam HI. 

Figure 5 shows the results of amplification of cDNAs synthesized from 
various tissues. Amplification is performed using primers from the hTl cDNA 
sequence that span an intron in the hTl gene, and the products are blotted and probed 

25 with a radiolabeled oligonucleotide from the hTl sequence. Amplification is also 
performed on the same samples with a pair of primers from the p-actin gene as a 
loading control, a: hTl cDNA control; b: human genomic DNA control; c: no template 
control; d: normal colon RNA; e: normal testis RNA; f: normal lymphocyte RNA; g: 
melanoma RNA (cerebral metastasis); h: melanoma RNA (subcutaneous ankle 

30 metastasis); i: melanoma RNA (liver metastasis); j: melanoma RNA (lung metastasis); 
k: melanoma RNA (axillary lymph node metastasis); I: melanoma RNA (skin 
metastasis); m: breast carcinoma RNA; n: breast carcinoma RNA; o: breast carcinoma 
RNA; p: breast carcinoma RNA. 

Figure 6 presents results showing hTl expression in pre-crisis cells and 

35 post-crisis cell lines. Upper panel: Nested amplification using primers within the 
original EST. Lower panel: Control RT-PCR using p-actin primers, a: BET-3K passage 
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(p) 7 (pre-crisis); b: BET-3K p32 (post-crisis); c: BFT-3K pl4 (pre-crisis); d: BFT-3K p 
22 (post-crisis); e: BFT-3B pl5 (pre-crisis); f: BFT-3B p29 (post-crisis); g: GM897 
(ALT); h: IHCF/c (ALT); i: IIICF-T/B1 (ALT); j: No template control 

Figures 7A-C show some alternative splicing patterns of the hTl 
5 transcript A, Schematic representation of six splicing variants. B, Combinations of 
some identified RNA variants. C, Sequences of putative exon/intron junctions of RNA 
variants. Variants are marked as in part A. A complete DNA sequence (with protein 

translation) (SEQ ID No: ) of variant 3 is presented. Amino acids corresponding to a 

potential o-Abl/SH3 binding site are underlined. Putative exon/intron junctions are 
10 marked with | and sequence coordinates are as in Figure 1. Putative spliced exons are 
in lower case and putative unspliced introns are in bold. 

Figure 8 shows various splicing patterns of hTl transcript in different 
tumor samples. Nested amplification (14 cycles) is performed using HT2026F and 
HT2482R primers on primary RT-PCR products generated with HT1875F and 
15 HT2781R primers, a: Lung carcinoma; b: Lymphoma; c: Lung carcinoma; d: 
Medulloblastoma; e: Lymphoma; f: Lymphoma; g: T47D; h: Pheochromocytoma; i: 
Lymphoma; j: Glioma; k: Lymphoma; 1: No template control. 

Figure 9 shows the results of amplification on cDNA synthesized from 
LIM 1215 cDNA. As shown, reverse transcriptase motif A is deleted from splicing 
20 variants containing sequence a. Primer combinations are: a, HTM2028F + HT2356R; 
b, HT2026F + HT2482R; c, HTM2028F + HT2482R; d. HT2026F + HT2482R 

Figures 10A-B present DNA sequences of variant regions of telomerase. 
Figures 11A-W presents DNA and amino acid sequences of exemplary 
variant telomerase proteins. 
25 Figure 12 is a scanned image of a telomerase activity assay. 

Figures 13A-D present a schematic diagram of plasmid pAK128.4 and 
the DNA sequence of the plasmid. 

Figures 14A-E present a schematic diagram of plasmid pAK128.7 and 
the DNA sequence of the plasmid. 
30 Figures 15A-D present a schematic diagram of plasmid pAK128.14 and 

the DNA sequence of the plasmid. 

DETAILED DESCRIPTION OF THE INVENTION 

Prior to setting forth the invention, it may be helpful to an understanding 
thereof to define certain terms used herein. 
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As used herein, "wild-type telomerase" generally refers to a polypeptide 
that enzymatically synthesizes nucleic acid sequences comprising simple repeat 
sequences (e.g., CCCTAA, see Zakian, Science 270: 1601, 1995) to ends of 
chromosomes. The amino acid sequence of one representative wild-type telomerase 

5 from human has been deduced and is presented in Figure 1 (SEQ ID No. ). Within 

the context of this invention, it should be understood that telomerases of this invention 
include not only wild-type protein, but also variants (including alleles) of the wild-type 
protein sequence. Such variants may not necessarily exhibit enzymatic function. 
Briefly, such variants may result from natural polymorphisms, including RNA splice 

to variants, generated by genetic recombination, or be synthesized by recombinant 
methodology, and moreover, may differ from wild-type protein by one or more amino 
acid substitutions, insertions, deletions, rearrangements or the like. Typically, when the 
result of synthesis, amino acid substitutions are conservative, ie., substitution of amino 
acids within groups of polar, non-polar, aromatic, charged, etc. amino acids. In the 

15 region of homology to the wild-type sequence in the RTase motif regions variants will 
preferably have at least 90% amino acid sequence identity, and within certain 
embodiments, greater than 92%, 95%, or 97% identity. Outside the RTase motif 
region, variants will preferably have 75% amino acid identity, and within certain 
embodiments, at least 80%, 85%, 90%, 92%, 95% or 97% identity. 

20 As will be appreciated by those skilled in the art, a nucleotide sequence 

encoding telomerase may differ from the wild-type sequence presented in the Figures; 
due to codon degeneracies, nucleotide polymorphisms, or amino acid differences. In 
other embodiments, variants should preferably hybridize to the wild-type nucleotide 
sequence at conditions of normal stringency, which is approximately 25-30°C below 

25 Tm of the native duplex (e.g., 1 M Na+ at 65°C; 5X SSPE, 0.5% SDS, 5X Denhardt's 
solution, at 65°C or equivalent conditions; see generally, Sambrook et al. Molecular 
Cloning: A Laboratory Manual, 2nd ed., Cold Spring Harbor Press, 1987; Ausubel et 
al., Current Protocols in Molecular Biology, Greene Publishing, 1987). Tm for other 
than short oligonucleotides can be calculated by the formula Tm=81.5 + 0.41%(G+C) - 

30 log(Na+). Low stringency hybridizations are performed at conditions approximately 
40°C below Tm, and high stringency hybridizations are performed at conditions 
approximately 10°C below Tm. Variants preferably have at least 75% nucleotide 
identity to wild-type sequence in the RTase motif region, preferably at least 80%, 85%, 
and most preferably at least 90% nucleotide identity. 

35 As used herein, a "promoter" refers to a nucleotide sequence that 

contains elements that direct the transcription of a linked gene. At minimum, a 
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promoter contains an RNA polymerase binding site. More typically, in eukaryotes, 
promoter sequences contain binding sites for other transcriptional factors that control 
the rate and timing of gene expression. Such sites include TATA box, CAAT box, 
POU box, API binding site, and the like. Promoter regions may also contain enhancer 

5 elements. When a promoter is linked to a gene so as to enable transcription of the gene, 
it is "operatively linked". 

An "isolated nucleic acid molecule" refers to a polynucleotide molecule 
in the form of a separate fragment or as a component of a larger nucleic acid construct, 
that has been separated from its source cell (including the chromosome it normally 

10 resides in) at least once in a substantially pure form. Nucleic acid molecules may be 
comprised of a wide variety of nucleotides, including DNA, RNA, nucleotide 
analogues, or some combination of these. 

I. TELOMERASE, TELOMERASE GENES AND GENE PRODUCTS 

As noted above, the invention provides compositions relating to 

15 vertebrate telomerase genes and gene products, and methods for the use of the genes 
and gene products. Given the disclosure provided herein, a telomerase gene can be 
isolated from a variety of cell types that express telomerase, including immortalized or 
transformed cells. As exemplified herein, a cDNA and variants encoding telomerase 
from human cells are identified, isolated, and characterized. Telomerase protein is then 

20 readily produced by host cells transfected with an expression vector encoding 
telomerase. 

A. Isolation of telomerase gene 

As described herein, the invention provides genes encoding telomerase. 
Within one embodiment of the invention, a gene encoding human telomerase can be 
25 identified by amplification of a cDNA library using a primer pair designed from an EST 
sequence. The EST sequence GenBank Accession No. AA281296, is identified by 
sequence identity and similarity to a Euplotes aediculatus telomerase gene (GenBank 
accession no. U95964; Lingner et al., Science 276: 561, 1997). Sequence comparisons 
between the Euplotes telomerase gene and the EST show approximately 38% amino 
30 acid identity and 59% amino acid similarity. 

Telomerase genes may be isolated from genomic DNA or cDNA. 
Genomic DNA is preferred when the promoter region or other flanking regions are 
desired. Genomic DNA libraries constructed in chromosomal vectors, such as YACs 
(yeast artificial chromosomes), bacteriophage vectors, such as XEMBL3, XgtlO, 
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cosmids, or plasmids, and cDNA libraries constructed in bacteriophage vectors (e.g.,K 
ZAPII), plasmids, or others, are suitable for screening. Such libraries may be 
constructed using methods and techniques known in the art (see Sambrook et al., 
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Press, 1989) or 
5 purchased from commercial sources (e.g., Clontech, Palo Alto, CA). The DNA may be 
isolated from vertebrate cells, such as human cells, mouse cells, other rodent or primatic 
cells, avian cells, and the like. 

Within one embodiment, the telomerase gene is isolated by amplification 
using cDNA library DNA as templates. Using the reported EST sequence, human 

10 telomerase may be isolated. Briefly, sets of amplification primers are designed based 
upon the EST nucleotide sequence. Examples of such primers are presented in Table 2 
(see also Example 1). Amplification of cDNA libraries made from cells with high 
telomerase activity is preferred. The primers described herein amplify a fiagment that 
has a length predicted from the EST sequence fiom a LIM1215 cDNA library. 

15 LIM1215 is a human colon cancer cell line. Confirmation of the nature of the fragment 
is obtained by DNA sequence analysis. 

DNA fragments encompassing additional sequence are amplified in 
reactions using a primer that hybridizes to vector sequence in conjunction with one of 
the EST primers. By using vector primers from either side of the cloning site in 

20 combination with the EST primers, a 1.6 kb fragment derived from the 3' region of h- 
TEL (human telomerase) and a 0.7 kb fiagment derived from the 5' region are isolated. 
These fragments are verified as containing telomerase coding sequence by amplification 
with a pair of primers internal to the EST sequence. The two fragments are cloned into 
pBluescript and subjected to DNA sequence analysis. Additional DNA sequence is 

25 obtained by C-RACE and amplification procedures to obtain the 5' end of a cDNA as 
well as by hybridization and isolation of clones from the cDNA library. 

The compiled DNA sequence and predicted amino acid sequence of a 
reference human telomerase are presented in Figure 1. As shown, the coding region of 
the reference telomerase is 3396 bases long and has an approximately 620 base long 3' 

30 untranslated region, The predicted amino acid sequence is 1 132 amino acids long and 
may be delineated into four major domains: N-terminal, basic, reverse transcriptase 
(RT) and C-terminal. Furthermore, human telomerase contains regions of homology to 
other telomerases (e.g., from Euplotes and S. pombe) and reverse transcriptases. These 
motifs are identified herein and in Kilian et al. (Human Molecular Genetics, 12: 201 1- 

35 2019, 1997) as domains 1, 2, A, B, C, and D, in Nakamura et al., (Science, 277: 955- 
959) as domains 1, 2, A, B', C, D, and E, and in Meyerson et al. (Cell, 90: 785-795, 
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1997) as motifs 1-6. Regardless of the name used, these motifs encompass amino acids 
621-626 (motif 1) and 631-634 (motif 2), 708-720 (motif A), 827-839 (motif B), 863- 
871 (motif C), and 895-902 (motif D). Because the boundaries of these motifs are 
based on similarity and identity with other telomerases, the functional boundary of each 
5 motif may be different. 

In addition, variants of the reference telomerase sequence are obtained 
by amplifications, which are described herein. Their DNA and predicted amino acid 
sequences are presented in Figure 1 1 and discussed in further detail below. Briefly, 
some of these variants encode truncated proteins and others have different C-terminal 

10 sequences. These variants likely result from alternative RNA splicing because 
telomerase appears to be a single copy gene in humans (see Example 2). 

Alternatively, other methods may be used to obtain a nucleic acid 
molecule that encodes telomerase. For example, a nucleic acid molecule encoding 
telomerase may be obtained from an expression library by screening with an antibody 

15 or antibodies reactive to telomerase (see, Sambrook et al. Molecular Cloning: A 
Laboratory Manual, 2nd Ed., Cold Spring Harbor Laboratory Press, NY, 1987; Ausubel 
et al. Current Protocols in Molecular Biology, Greene Publishing Associates and 
Wiley-Interscience, NY, 1995). In another embodiment, nucleic acid molecules 
encoding telomerase may be isolated by hybridization screening of cDNA or genomic 

20 libraries. Oligonucleotides for hybridization screening may be designed based on the 
DNA sequence of human telomerase presented herein. Oligonucleotides for screening 
are typically at least 1 1 bases long and more usually at least 20 or 25 bases long. In one 
embodiment, the oligonucleotide is 20-30 bases long. Such an oligonucleotide may be 
synthesized in an automated fashion. To facilitate detection, the oligonucleotide may be 

25 conveniently labeled, generally at the 5* end, with a reporter molecule, such as a 
radionuclide, (e.g., ^^P), enzymatic label, protein label, fluorescent label, or biotin. A 
library is generally plated as colonies or phage, depending upon the vector, and the 
recombinant DNA is transferred to nylon or nitrocellulose membranes. Hybridization 
conditions are tailored to the length and GC content of die oligonucleotide. Following 

30 denaturation, neutralization, and fixation of the DNA to the membrane, membranes are 
hybridized with labeled probe. Suitable hybridization conditions may be found in 
Sambrook et al., supra, Ausubel et al., supra, and furthermore hybridization solutions 
may contain additives such as tetramethylammonium chloride or other chaotropic 
reagents or hybotropic reagents to increase specificity of hybridization (see for example, 

35 PCT/US97/17413). Following hybridization, suitable detection methods reveal 
hybridizing colonies or phage that are then isolated and propagated. Candidate clones 
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or amplified fragments may be verified as containing telomerase DNA by any of 
various means. For example, the candidate clones may be hybridized with a second, 
non-overlapping probe or subjected to DNA sequence analysis. In these ways, clones 
containing a telomerase gene or gene fragment, which are suitable for use in the present 
5 invention, are isolated. 

Telomerase DNA may also be obtained by amplification of cDNA or 
genomic DNA. Oligonucleotide primers for amplification of a full-length cDNA are 
preferably derived from sequences at the 5 1 and 3 f ends of the coding region. 
Amplification of genomic sequences will use primers that span intronic sequences and 

10 may use conditions that favor long amplification products (see Promega catalogue). 
Briefly, oligonucleotides used as amplification primers preferably do not have self- 
complementary sequences nor have complementary sequences at their 3* end (to prevent 
primer-dimer formation). Preferably, the primers have a GC content of about 50% and 
contain restriction sites to facilitate cloning. Generally, primers are between 15 and 50 

15 nucleotides long, and more usually between 20 and 35 nucleotides long. The primers 
are annealed to cDNA or genomic DNA and sufficient amplification cycles are 
performed to yield a detectable product, preferably one that is readily visualized by gel 
electrophoresis and staining. The amplified fragment is purified and inserted into a 
vector (e.g., a viral, phagemid or plasmid vector, such as XgtlO or pBS(M13+)) and 

20 propagated. 

Telomerase genes from a multitude of species can be isolated using the 
compositions provided herein. For closely related species, the human sequence or 
portion thereof may be utilized as a probe on a genomic or cDNA library. For example, 
a fragment of the telomerase gene that encompasses the catalytic site (approximately 

25 corresponding to amino acids 605-915 of Figure 1) may be labeled and used as a probe 
on a library constructed from mouse, primate, rat, dog, or other vertebrate, warm- 
blooded, or mammalian species. An initial hybridization at normal stringency may 
yield clones or fragments encoding telomerase. If no hybridization is observed, relaxed 
(low) stringency hybridizations may be pursued. Guidelines for varying the stringency 

30 of the hybridization may be acquired from Sambrook et al., supra, and other well- 
known sources. Such probes may also be used on libraries from evolutionarily diverse 
species, such as Drosophila, although hybridization conditions will typically be more 
relaxed. 

Other methods may alternatively be used to isolate telomerase genes 
35 from non-human species. These methods include, but are not limited to, amplification 
using primers derived from conserved areas (e.g., RTase motifs), amplification using 
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degenerate primers from various regions of telomerase including the RTase region, 
antibody probing of expression libraries, telomerase RNA probing of expression 
libraries, and the like. A gene sequence is identified as a telomerase by amino acid 
similarity and / or nucleic acid identity. Generally, amino acid similarity, which allows 
5 for conservative differences, is preferred to identify a telomerase. From diverse species, 
amino acid similarity is generally at least 30% and preferably at least 40% or at least 
50%. Nucleic acid identity may be lower and thus difficult to assess. Several readily 
available computer analysis programs, such as BLASTN and BLASTP, are useful to 
determine relatedness of genes and gene products. Candidate telomerase genes are 
10 examined for enzyme activity by one of the functional assays described herein or other 
equivalent assays. 

B. Variant telomerase genes 

Variants (including alleles) of the telomerase nucleic acid or amino acid 
sequence provided herein may be readily isolated from natural variants (e.g., 

15 polymorphisms, splice variants, mutants), synthesized, or constructed. Depending upon 
the intended use, mutants may be constructed to exhibit altered or deficient telomerase 
function. Particularly useful telomerase genes encode a protein lacking enzyme activity 
but that has a dominant negative phenotype. The telomerase variants, moreover, may 
lack one or more of known telomerase activities, including reverse transcriptase 

20 activity, nucleolytic activity, telomere binding activity, dNTP binding activity, and 
telomerase RNA (hTR) binding activity. 

One skilled in the art recognizes that many methods have been 
developed for generating mutants (see, generally, Sambrook et al., supra; Ausubel 
et al., supra). Briefly, preferred methods for generating a few nucleotide substitutions 

25 utilize an oligonucleotide that spans the base or bases to be mutated and contains the 
mutated base or bases. The oligonucleotide is hybridized to complementary single 
stranded nucleic acid and second strand synthesis is primed from the oligonucleotide. 
Similarly, deletions and/or insertions may be constructed by any of a variety of known 
methods. For example, the gene can be digested with restriction enzymes and religated 

30 such that some sequence is deleted or ligated with an isolated fragment having cohesive 
ends so that an insertion or large substitution is made. In another embodiment, variants 
are generated by "exon shuffling" (see U.S. Patent No. 5,605,793). Variant sequences 
may also be generated by "molecular evolution" techniques (see U. S. Patent No, 
5,723,323). Other means to generate variant sequences may be found, for example, in 

35 Sambrook et al. (supra) and Ausubel et al. (supra). Verification of variant sequences is 
typically accomplished by restriction enzyme mapping, sequence analysis, or probe 
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hybridization, although other methods may be used. The double-stranded nucleic acid 
is transformed into host cells, typically E. coli, but alternatively, other prokaryotes, 
yeast, or larger eukaryotes may be used. Standard screening protocols, such as nucleic 
acid hybridization, amplification, and DNA sequence analysis, will identify mutant 
5 sequences. 

In preferred embodiments, variant telomerases are inactive with respect 
to enzyme activity and impart a dominant negative phenotype to a host cell. Regardless 
of the actual mechanism, when a dominant negative telomerase is expressed in a cell, 
the native active telomerase is rendered inactive. In the catalytic domain, RTase motifs 

10 share conserved aspartic acid residues. Human telomerase also contains these critical 
residues: Asp 712, Asp 718, Asp 868, and Asp 869. Mutation of one or more of these 
Asp residues to a non-conservative amino acid (e.g., alanine) will likely destroy 
enzymatic activity and or affect telomere shortening. For each of these mutants, 
dominant negativity is assayed. Preferred mutants are dominant negative and induce a 

15 senescence phenotype in certain embodiments. Other dominant negative variants may 
be generated by deletion of one or more of the RTase motifs or alteration of the region 
involved in DNA priming (such as motif E), binding site for the RNA component, the 
template binding site, the metal ion binding site (such as motif C), and the like. 

In other embodiments, the nucleic acid molecule encoding telomerase 

20 may be fused to another nucleic acid molecule. As will be appreciated, the fiision 
partner gene may contribute, within certain embodiments, a coding region. Thus, it 
may be desirable to use only the catalytic site of telomerase (e.g., amino acids 609-915), 
individual RTase motifs (described above), any of the splicing variant telomerases 
described herein, the telomerase RNA binding site and the like. The choice of the 

25 fusion partner depends in part upon the desired application. The fusion partner may be 
used to alter specificity of the telomerase, provide a reporter function, provide a tag 
sequence for identification or purification protocols, and the like. The reporter or tag 
can be any protein that allows convenient and sensitive measurement or facilitates 
isolation of the gene product and does not interfere with the function of the telomerase. 

30 For reporter function, p-glucuronidase (U.S. Patent No: 5,268,463), green fluorescent 
protein and p-galactosidase are readily available as DNA sequences. A peptide tag is a 
short sequence, usually derived from a native protein, which is recognized by an 
antibody or other molecule. Peptide tags include FLAG®, Glu-Glu tag (Chiron Corp., 
Emeryville, CA) KT3 tag (Chiron Corp.), T7 gene 10 tag (Invitrogen, La Jolla, CA), T7 

35 major capsid protein tag (Novagen, Madison, WI), His 6 (hexa-His), and HSV tag 
(Novagen). Besides tags, other types of proteins or peptides, such as glutathione-S- 
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transferase may be used. 

C. Fragments and oligonucleotide derived from telomerase genes 

In addition, portions or fragments of telomerase gene may be isolated or 
constructed for use in the present invention. For example, restriction fragments can be 
5 isolated by well-known techniques from template DNA, e.g., plasmid DNA, and DNA 
fragments, including restriction fragments, can be generated by amplification. 
Furthermore, oligonucleotides can be synthesized or isolated from recombinant DNA 
molecules. One skilled in the art will appreciated that other methods are available to 
obtain DNA or RNA molecules having at least a portion of a telomerase sequence. 
10 Moreover, for particular applications, these nucleic acids may be labeled by techniques 
known in the art with a radiolabel {e.g., 32 P, 33 P, 35 S, 125 F !31 1, 3 H, l4 C), fluorescent label 
(e.g., FITC, Cy5, RITC, Texas Red), chemiluminescent label, enzyme, biotin and the 
like. 

Methods for obtaining fragments are well-known in the art Portions that 

15 are particularly useful within the context of this invention contain the catalytic site, 
individual RTase motifs, the putative intronic sequences (see Figure 10), and the like. 
Oligonucleotides are generally synthesized by automated fashion; methods and 
apparatus for synthesis are readily available (e.g., Applied Biosystems Inc, CA). 
Oligonucleotides may contain non-naturally occurring nucleotides, such as nucleotide 

20 analogues, a modified backbone {e.g., peptide backbone), nucleotide derivatives (e.g., 
biotinylated nucleotide), and the like. As used herein, oligonucleotides refers to a 
nucleic acid sequence of at least about 7 nucleotides and generally not longer than about 
100 nucleotides. Usually, oligonucleotides are between about 10 and about 50 bases, 
more often between about 18 and about 35 nucleotides long. Oligonucleotides can be 

25 single-stranded or in some cases double-stranded. As used herein, portions of a nucleic 
acid refer to a polynucleotide that contains less than the entire parental nucleic acid 
sequence. For example, a portion of telomerase coding sequence contains less than a 
full-length telomerase sequence. A 'portion 1 is generally at least about seven 
nucleotides, and may be as many as 10, 20, 25 or more nnucleotides in length. A 

30 fragment refers to a polynucleotide molecule of any length and can encompass an 
oligonucleotide, although more usually, but not to be limiting, the term oligonucleotide 
is used to denote short polynucleotides and the term fragment is used to denote longer 
polynucleotides. 

Oligonucleotides for use as primers for amplification and probes for 
35 hybridization screening may be designed based on the DNA sequence of human 
telomerase presented herein. Oligonucleotide primers for amplification of a full-length 
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cDNA are preferably derived from sequences at the 5' and 3' ends. Primers for 
amplification of specific regions are chosen to generate products of an easily detectable 
size. In preferred embodiments, primers are chosen that flank the sequences subject to 
alternative RNA splicing. In preferred embodiments, one set of primers is chosen such 
5 that both the product that spans spliced-in sequence as well as the product that spans 
spliced-out sequence are suitable sizes to be detected under the same reaction 
conditions. In other embodiments, two sets of primers are used to detect the alternative 
spliced RNAs. For example, one set of primers flanks the splice junction in order to 
detect a spliced-out product. The second set of primers may be derived very close to the 
10 junction (such that a spliced-out amplification product is the same size or barely larger 
than a primer-dimer length) or one or more of the set may be derived fiom the spliced- 
in sequence (such that the spliced-out RNA would not yield any product). An amplified 
Amplification primers preferably do not have self-complementary 
sequences nor have complementary sequences at their 3' end (to prevent primer-dimer 
15 formation). Preferably, the primers have a GC content of about 50% and may contain 
restriction sites to facilitate cloning. Amplification primers usually are at least 15 bases 
and usually are not longer than 50 bases, although in some circumstances and 
conditions shorter or longer lengths can be used. More usually, primers are from 17 to 
40 bases long, 17 to 35 bases long, or 20 to 30 bases long. The primers are annealed to 
20 cDNA or genomic DNA and sufficient amplification cycles, generally 20-40 cycles, are 
performed to yield a product readily visualized by gel electrophoresis and staining or by 
hybridization. The amplified fragment can be purified and inserted into a vector, such 
as XgtlO or pBS(M13+), and propagated, isolated and subjected to DNA sequence 
analysis, sub jected to hybridization, or the like. 
25 An oligonucleotide hybridization probe suitable for screening genomic, 

cDNA or other types (e.g., mutant telomerase sequences) of libraries, probing southern, 
northern, or northwestern blots, amplification products, and the like may be designed 
based on the sequences provided herein. Oligonucleotides for hybridization are 
typically at least 11 bases long, generally less than 100 bases long, and preferably at 
30 least 15 bases long, at least 20 bases long, at least 25 bases long, and preferably 20-70, 
25-50, or 30-40 bases long. To facilitate detection, the oligonucleotide may be 
conveniently labeled, generally at the 5' end, with a reporter molecule, such as a 
radionuclide, (e.g., 32p) ? enzymatic label, protein label, fluorescent label, or biotin. 
(see Ausubel et al., and Sambrook et al., supra). A library is generally plated as 
35 colonies or phage, depending upon the vector, and the recombinant DNA is transferred 
to nylon or nitrocellulose membranes. Following denaturation, neutralization, and 
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fixation of the DNA to the membrane, membranes are hybridized with labeled probe, 
and washed. Suitable detection methods reveal hybridizing colonies or phage that are 
then isolated and propagated. Methods for transferring nucleic acids to membranes and 
performing hybridizations are well known. In certain embodiments, additives to 
5 hybridization solution, such as a chaotrope (e.g., tetramethylammonium chloride) or a 
hybotrope (e.g., ammonium trichloroacetate; see PCT/ US97/17413) are added to 
increase sensitivity and specificity of hybridization. A probe specifically hybridizes to 
a nucleic acid if it remains detectably annealed after washing under conditions 
equivalent to hybridization conditions (expressed herein as the number of degrees less 
10 than Tm). 

D. Splicing variants of human telomerase 

In addition to the reference telomerase DNA and protein sequences 
presented in Figures 1, several RNA splice variants are observed. Although some of the 
variants may reflect incompletely processed mRNA, it is noteworthy that such variants 

15 are abundant in an RNA sample (LIM1215) preselected for polyadenylated mRNA. 
These findings, together with their clustering in the RT domain, suggest that the 
insertion variants more likely reflect regulation of hTl protein expression. For 
example, variants in which exons are deleted (see a, p, Fig. 7) are likely alternative 
mature coding for variant proteins. Additional evidence in support of alternative 

20 proteins comes from sequence analysis of cDNA clones identified in a LIM1215 cDNA 
library that contained both deletions and insertions compared to the reference sequence. 

At least seven different putative introns appear to be retained in mRNAs 
(see Figure 7, which displays 6 of the 7 introns). The introns may be independently 
retained, thus, a particular mRNA may have none, any one, two, etc. up to seven 

25 introns. The maximum number of different mRNAs resulting from seven 
independently spliced introns is 2 7 , or 128 different mRNAs. DNA sequences of these 
introns are presented in Figure 10. The 5* most intron, called sequence "X", is an 
unknown length, and only a partial sequence is presented. 

The reference telomerase sequence (Figure 1) includes intron a and 

30 intron p. In the following discussion, the effect of presence/absence and location of 
each intron is presented on the basis that it is the only alteration. It will be appreciated 
that a particular intron may alter the sequence of the translated product, regardless of 
whether other introns are spliced in or out. For example, the presence of intron 1 results 
in a frameshift and truncated protein, regardless of whether introns a, P, 2 or 3 are 

35 spliced in or out. 
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The presence of intron "X" results in a truncated protein that contains 
approximately 600 N-terminal amino acids and lacks all of the RTase motifs. The 
presence of intron "Y" at base 222 results in a frameshifted protein that terminates 
within three codons past the intron. As the Y intron is very GC rich, approximately 
5 78%, which is difficult to sequence, it is possible that intron Y causes an insertion of 
about 35 amino acids and not a frameshift. 

Intron 1 at nucleotide 1950 is 38 bp and its presence in mRNA causes a 
frame-shift and ultimate translation of a truncated protein (stop codon at nt 1973). This 
truncated protein contains only RTase domains 1 and 2. 

10 Intron a, located from bases 2131-2166 is frequently observed spliced 

out of telomerase mRNA. A protein translated from such an RNA is deleted for 12 
amino acids, removing RTase motif A. This motif appears to be critical for RT 
function; a single amino acid mutation within this domain in the yeast EST2 protein 
results in a protein that functions as a dominant negative and results in cellular 

15 senescence and telomere shortening. 

Another of the variant sequences, the p-exon deletion at base 2286-2468, 
encodes a truncated protein, due to a reading frameshift at base 2287, which is joined to 
base 2469, and subsequently a termination codon at base 2605. This variant protein has 
RTase domains 1, 2, A, B, and part of C, but lacks another motif; in addition to the 

20 RTase domain motifs, another sequence motif (AVRIRGKS) identified in the p insert 
of hTl matches a P-loop motif consensus AXXXXGK(S) (Saraste et al., Trends 
Biochem. ScL 15, 430-434, 1990). This motif is found in a large number of protein 
families including a number of kinases, bacterial dnaA, recA, recF, mutS and ATP- 
binding helicases (Devereaux et a!., Nucleic Acids Res., 12, 387-395, 1984). The P-loop 

25 is thus present only in a subpopulation of the h-TEL mRNAs in most RNA samples 
analyzed and completely absent from several tumor samples (Figure 8). 

Intron 2 at base 2843 contains an in-frame termination codon, resulting 
in a truncated protein that has the entire RTase domain region, but lacks the C-terminus. 
As the C-terminus may play a regulatory role, protein activity will likely be affected. 

30 When intron 3 is retained, a smaller protein is also produced because the intron contains 
an in-frame stop codon. Thus, the protein has an altered C-terminal sequence. What 
activity such proteins might have is currently unknown. The crystal structure of the 
HTV-1 reverse transcriptase demonstrates that a short form of the protein (p51) that 
lacks the RNAase domain is inhibited by the C-terminal 'connection' folding into the 

35 catalytic cleft. If hTl is assumed to adopt a similar structure to HTV-RT, then C- 
terminal hTl protein variants may reflect a similar mechanism of regulation. 
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In addition to variants that lack the reference C-terminal domain, a 
variant with intron 3 at base 2157 expresses an alternative C-terminal domain. 
Furthermore, the coding region donated by intron 3 has a potential SID binding site, 
SGQPEMEPPRRPSGCVG, which matches the consensus c-Abl SH3 binding peptide 
5 (PXXXXPXXP) found in proteins such as ataxia telangiectasia mutated (ATM). A 
second example of this motif is found within the N-tenninal end of the hTl protein in 
the peptide HAGPPSTSRPPRPWDTP. Other alternative C-terminal domains are found 
in telomerase cDNAs; the EST12462 (GenBank Accession No. AA299878) has about 
50 bases of identical sequence up to base 2157 and then diverges from the reference 

10 telomerase sequence as well as intron 3. This new sequence has an internal stop codon 
in 50 bases that would result in a truncated C-terminus. 

The variant detected in one ALT cell line (Fig. 6, lane i) opens up the 
possibility that the basic domain of hTl may contribute to the ALT mechanism in at 
least some ALT cell lines. Interestingly, this ALT cell line expresses the hTR gene. 

15 One possible mechanism of ALT could involve dysregulated telomerase components 
that are inactive in the TRAP assay. 

The following table summarizes the splice variants and resulting 
proteins. For simplicity, only a single variant is listed for each resulting protein. 
Furthermore, as noted above, the presence of the Y intron appears to cause a frameshift 

20 resulting in a truncated protein, but may cause an insertion. Thus, each reading frame 
of the Y intron is presented and the table is constructed as if the insertion does not cause 
a truncated protein. An independent assortment of these known introns would lead to 
128 different mRNA sequences. The DNA and amino acid sequences for the variants in 
Table 1 are presented in Figure 1 1 . 
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E. Vectors, host cells and means of expressing and producing protein 

Telomerase protein may be expressed in a variety of host organisms. In 
one embodiment, telomerase is produced in bacteria, such as K coli, for which many 
expression vectors have been developed and are readily available. Other suitable host 
organisms include other bacterial species, and eukaryotes, such as yeast (e.g., 
Saccharomyces cerevisiae), mammalian cells (e.g., CHO and COS-7), and insect cells 
(*&,Sf9). 

A DNA sequence encoding telomerase, a portion thereof, a variant, 
fusion protein or the like, is introduced into an expression vector appropriate for the 
host. In certain embodiments, telomerase is inserted into a vector such that a fusion 
protein is produced. The telomerase sequence is derived from an existing fragment, 
cDNA clone, or synthesized. A preferred means of synthesis is amplification of the 
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gene from cDNA using a set of primers that flank the coding region or the desired 
portion of the protein. As discussed above, the telomerase sequence may contain 
alternative codons for each amino acid with multiple codons. The alternative codons 
can be chosen as "optimal" for the host species. Restriction sites are typically 
5 incorporated into the primer sequences and are chosen with regard to the cloning site of 
the vector. If necessary, translational initiation and termination codons can be 
engineered into the primer sequences. 

At minimum, the vector must contain a promoter sequence. Other 
regulatory sequences may be included. Such sequences include a transcription 

10 termination signal sequence, secretion signal sequence, origin of replication, selectable 
marker, and the like. The regulatory sequences are operationally associated with one 
another to allow transcription or translation. 

The plasmids used herein for expression of telomerase include a 
promoter designed for expression of the proteins in a host cell (e.g., bacterial). Suitable 

15 promoters are widely available and are well known in the art Inducible or constitutive 
promoters are preferred Such promoters for expression in bacteria include promoters 
from the 17 phage and other phages, such as T3, T5, and SP6, and the trp, Ipp, and lac 
operons. Hybrid promoters (see, U.S. Patent No. 4,551,433), such as tac and trc, may 
also be used. Promoters for expression in eukaryotic cells include the P10 or 

20 polyhedron gene promoter of baculovirus/insect cell expression systems (see, e.g., U.S. 
Patent Nos. 5,243,041, 5,242,687, 5,266,317, 4,745,051, and 5,169,784), MMTV LTR, 
CMV IE promoter, RSV LTR, SV40, metallothionein promoter (see, e.g., U.S. Patent 
No. 4,870,009) and other inducible promoters. For expression of the proteins, a 
promoter is inserted in operative linkage with the coding region for the telomerase 

25 protein. 

The promoter controlling transcription of the telomerase may itself be 
controlled by a repressor. In some systems, the promoter can be derepressed by altering 
the physiological conditions of the cell, for example, by the addition of a molecule that 
competitively binds the repressor, or by altering the temperature of the growth media. 

30 Preferred repressor proteins include, but are not limited to, the K coli lacl repressor, 
which is responsive to IPTG induction, the temperature sensitive XcI857 repressor, and 
the like. The E. coli lacl repressor is preferred. 

In other preferred embodiments, the vector also includes a transcription 
terminator sequence, which has either a sequence that provides a signal that terminates 

35 transcription by the polymerase that recognizes the selected promoter and/or a signal 
sequence for polyadenylation. 
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Preferably, the vector is capable of replication in the host cells. Thus, 
when the host cell is a bacterium, the vector preferably contains a bacterial origin of 
replication. Preferred bacterial origins of replication include the fl-ori and col El 
origins of replication, especially the ori derived from pUC plasmids. In yeast, ARS or 
5 CEN sequences can be used to assure replication. A well-used system in mammalian 
cells is SV40 ori. 

The plasmids also preferably include at least one selectable marker that 
is functional in the host. A selectable marker gene includes any gene that confers a 
phenotype on the host that allows transformed cells to be identified and selectively 

10 grown. Suitable selectable marker genes for bacterial hosts include the ampicillin 
resistance gene (Amp 1 "), tetracycline resistance gene (Tc 1 ) and the kanamycin resistance 
gene (Kan r )- The kanamycin resistance gene is presently preferred. Suitable markers 
for eukaryotes usually require a complementary deficiency in the host (e.g., thymidine 
kinase (tk) in tk- hosts). However, drug markers are also available (e.g, G418 

15 resistance and hygromycin resistance). 

The sequence of nucleotides encoding the telomerase may also include a 
secretion signal, whereby the resulting peptide is a synthesized as precursor protein and 
is subsequently processed and secreted. The resulting processed protein may be 
recovered from periplasmic space or fermentation medium. Secretion signals suitable 

20 for use are widely available and are well known in the art (von Heijne, J. Mol. Biol. 
754:99-105, 1985). Prokaryotic and eukaryotic secretion signals that are functional in 
E. coli (or other host) may be employed. The presently preferred secretion signals 
include, but are not limited to, those encoded by the following E. coli genes: pelB (Lei 
et al., J. Bacteriol. 169:4379, 1987), phoA, ompA, ompT, ompF, ompC, beta-lactamase, 

25 and alkaline phosphatase. 

One skilled in the art appreciates that there are a wide variety of suitable 
vectors for expression in bacterial cells and which are readily obtainable. Vectors such 
as the pET series (Novagen, Madison, WI), the tac and trc series (Pharmacia, Uppsala, 
Sweden), pTTQ18 (Amersham International pic, England), pACYC 177, pGEX series, 

30 and the like are suitable for expression of a telomerase. Baculovirus vectors, such as 
pBlueBac (see, e.g., U.S. Patent Nos. 5,278,050, 5,244,805, 5,243,041, 5,242,687, 
5,266,317, 4,745,051, and 5,169,784; available from Invitrogen, San Diego) may be 
used for expression of the telomerase in insect cells, such as Spodoptera frugiperda sf9 
cells (see, U.S. Patent No. 4,745,051). The choice of a host for the expression of a 

35 telomerase is dictated in part by the vector. Commercially available vectors are paired 
with suitable hosts. 
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A wide variety of suitable vectors for expression in eukaryotic cells are 
available. Such vectors include pCMVLacI, pXTl (Stratagene Cloning Systems, La 
Jolla, CA); pCDNA series, pREP series, pEBVHis (Invitrogen, Carlsbad, CA). In 
certain embodiments, telomerase gene is cloned into a gene targeting vector, such as 
5 pMClneo, a pOG series vector (Stragene). 

Telomerase protein is isolated by standard methods, such as affinity 
chromatography, size exclusion chromatography, metal ion chromatography, ionic 
exchange chromatography, HPLC, and other known protein isolation methods, {see 
generally Ausubel et aL, supra\ Sambrook et al., supra). An isolated purified protein 
10 gives a single band on SDS-PAGE when stained with Coomassie blue. 

In one embodiment, the telomerase protein is expressed as a hexa-his 
fusion protein and isolated by metal-containing chromatography, such as nickel-coupled 
beads. Briefly, a sequence encoding His 6 is linked to a DNA sequence encoding a 
telomerase. Although the His 6 sequence can be positioned anywhere in the molecule, 
15 preferably it is linked at the 3 1 end immediately preceding the termination codon. The 
His-hH fusion may be constructed by any of a variety of methods. A convenient 
method is amplification of the TEL gene using a downstream primer that contains the 
codons for His 6 . 

K Peptides and proteins of telomerase 

20 In one aspect of the present invention, peptides having telomerase 

sequence are provided. Peptides may be used as immunogens to raise antibodies, as 
inhibitors or enhancers of telomerase function, in assays described herein and the like. 
Peptides are generally five to 100 amino acids long, and more usually 10 to 50 amino 
acids. Peptides are readily chemically synthesized in an automated fashion 

25 (PerkinElmer ABI Peptide Synthesizer) or may be obtained commercially. Peptides 
may be further purified by a variety of methods, including high-performance liquid 
chromatography. Furthermore, peptides and proteins may contain amino acids other 
than the 20 naturally occurring amino acids or may contain derivatives and modification 
of the amino acids. 

30 Peptides of particular interest within the context of this invention have 

the sequence of the intron sequences (Figure 10), the RTase motifs, and the like. In 
certain embodiments, telomerase proteins have the amino acid sequences presented in 
Figures 1 or 1 1 , or a portion thereof which is at least 8 amino acids in length (and may 
be 10, 15, 20 or more amino acids in length). In other embodiments, the protein has one 

35 or "more amino acid substitutions, additions, deletions. In yet other embodiments, the 
protein has an amino acid sequence determined by a nucleic acid sequence that 
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hybridizes under normal stringency conditions to the complement of any of the 
sequences in Figure 11. As indicated above, variants of telomerase include allelic 
variants. 

n. TELOMERASE ASSAYS 

5 A variety of assays are available to determine telomerase activity and 

expression. Such assays include in vitro assays that measure the ability of telomerase to 
extend a telomeric DNA substrate, nucleolytic activity, primer (telomere) binding 
activity, dNTP binding activity, telomerase RNA (hTR) binding activity, in vivo gain- 
of-function assays, in vivo loss-of function assays, in situ hybridization, RNase probe 

10 protection, Northern analysis, amplification of cDNA, antibody staining, and the like. 

A. Assays for catalytic activity 

Various assays for catalytic activity are described in U.S. Patent Nos. 
5,629,154; 5,639,613; 5,645,986 among others. In one conventional assay for 
telomerase activity, a single-stranded DNA primer having the sequence of the host 

15 telomere {e.g., [TTAGGG] D ) and the telomerase enzyme are used (see Shay et aL, 
Methods in Molecular Genetics 5:263, 1994; Greider and Blackburn, Cell 45:405, 1985; 
Morin, Cell 59:521, 1989; U.S. Patent No. 5,629,154). A preferred assay incorporates a 
detergent-based extraction with an amplification-based assay. This assay, called TRAP 
(telomeric repeats amplification protocol), has improved sensitivity (Kim et aL, Science 

20 266: 201 1, 1994). Briefly, in TRAP, telomerase synthesizes extension products, which 
then serve as templates for amplification. The telomerase products are amplified with a 
primer derived from a non-telomeric region of the oligonucleotide and a primer derived 
from the telomeric region. When the amplification products are analyzed, such as by 
gel electrophoresis, a ladder of products is observed when telomerase activity is present 

25 Permutations of this assay have been described (Krupp et aL, Nucl Acids Res. 25: 919, 
1997; Savoysky et aL, Nucl Acids Res. 24: 1175, 1996). As well, other telomerase 
assays are available (Faraoni et aL, I Chemother 8: 394, 1996, describing an in vitro 
chemosensitivity assay; Tatematsu et aL, Oncogene 13: 2265, 1996, describing a 
"stretch PCR assay"; Lin and Zakian, Cell 81: 1 127, 1995, describing an in vitro assay 

30 for Saccharomyces). 

In addition, catalytic or other activities may be measured by an in vitro 
reconstitution system (see Examples). Briefly, the assays, such as those described 
herein, are performed using purified telomerase protein that is produced by recombinant 
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meant and other necessary components, such as the telomerase RNA component, other 
proteins such as described in WO 98/14593. 

B. Assays for other activities 

Nucleolytic activity may be assessed by protocols described for example 
5 in Collins and Grieder, Genes and Development 7: 1364, 1993). The nucleolytic 
activity is excision of a nucleotide (G from the telomeric repeat TTAGG) from the 3' 
end of a nucleotide sequence that is positioned at the 5' boundary of the DNA template. 
Briefly, the activity can be measured by a reaction that uses a nucleic acid template with 
a 3' nucleotide that is blocking, Le., cannot serve as a primer for a polymerase, unless 
10 removed by nucleolytic activity. 

Telomere binding activity and assays are described in for example 
Harrington et al., J. Biol Chem. 270: 8893, 1995. In general, any assay such as a gel- 
shift assay, that detects protein-nucleic acid interactions may be used DNTP and RNA 
binding activity assays are described in Morin, Eur. J. Cancer 33: 750 for example. 

15 C Gain and loss of Junction 

In vivo gain-of-function assays may be performed by transfecting an 
expression vector encoding telomerase into cells that have no or little detectable 
endogenous activity. Activity is then measured by an in vitro assay, such as those 
described herein. Another gain of function assay can be performed in tumor cells or 

20 other cells expressing telomerase or reverse transcriptase. A telomerase gene is 
transfected into the cells, expressed at high levels, and these cells are treated with 
inhibitors of reverse transcriptase. Telomerase activity is then observed as decreased 
sensitivity to such inhibitors. Furthermore, rescue of function in the yeast telomerase 
mutant EST2 may be measured. 

25 Loss of function may be measured in cells expressing high levels of 

telomerase activity, such as LIM 1215 cells or other tumor cells. In this assay, anti- 
sense oligonucleotide molecules are introduced into the cells, generally in an expression 
vector. Telomerase gene is verified by diminished telomerase activity. In another 
assay, antibodies to telomerase that inhibit function can be used to demonstrate a 

30 functional molecule. 

D. Expression of telomerase 

Expression of telomerase in various cells may be assayed by standard 
assays using the sequences provided herein. For example, in situ hybridization with 
radioactive or fluorescent-labeled probes (fragments or oligonucleotides) may be used 
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on tissue sections or fixed cells. Alternatively, RNA may be isolated from the cells and 
used in Northern, RNase probe protection assays, and the like. Probes for particular 
regions and probes that are variant specific will generate expression profiles of the 
various telomerase transcripts. 

5 In a preferred embodiment, telomerase expression is assayed by 

amplification. Primer pairs for telomerase, including primer pairs for particular 
variants, are used to amplify cDNA synthesized from cellular UNA. The cDNA may be 
synthesized from either total RNA or poly(A}f RNA. Methods and protocols for RNA 
isolation are well known. The cDNA may be initiated by an oligo(dT) primer, random 

10 primers (e.g., dN 6 ), telomerase specific primer, and the like. The choice of aprimer will 
depend at least in part on the quantity of RNA and the purpose of the assay. 
Amplification primers are designed to amplify any one of, particular combinations, or 
all of the variants present in vertebrate cells. Conditions for amplification are chosen to 
be commensurate with the primer length, base content, length of amplified product and 

15 the like. Various amplification systems are available (see Lee et al., Nucleic Acid 
Amplification Technologies, BioTechniques Books, Eaton Publishing, Natick, MA, 
1997; Larrick, The PCR Technique: Quantitative PCR 9 BioTechniques Books, Eaton 
Publishing, Natick, MA, 1997). 

Other assays for measuring expression qualitatively and quantitatively 

20 are well known. RNase probe protection and Northern analysis are amenable when the 
amount of telomerase mRNA is sufficient When very few cells are available, a single 
cell analysis is desirable, or when the fraction of telomerase RNA in the sample is very 
low, an amplification protocol is preferred. RNase probe protection, in particular, is 
well suited for detecting splice variants, mutations, as well as quantitating these RNAs. 

25 As discussed above, in preferred embodiments, expression of the various 

RNA species is monitored. The different species may be assayed by any method which 
distinguishes one of the species over the others. Thus, length determination by 
Northern, RNase probe protection, cloning and amplification are some of the available 
methods. In preferred embodiments, RNase probe protection and amplification are 

30 used. For RNase probe protection, the probe will generally be a fragment derived from 
the junction of the reference sequence and the intron sequence or derived from the 
sequence surrounding the intron insertion site. For example, a fragment of the reference 
telomerase that spans nucleotide 1950-1951 (e.g., nucleotides 1910-1980) will protect 
the reference sequence as a 71 base fragment, but will protect a telomerase with intron 1 

35 as two fragments of 41 and 30 bases. In contrast, a fragment that contains nucleotides 
1910-1950 and 30 bases of intron 1 will protect an intron 1 variant as a 71 base 
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fragment and the reference telomerase as a 41 base fragment Fragments for RNase 
probe protection are chosen usually in the range of 30 to 400 bases and are positioned to 
yield readily distinguishable protection products. 

Another method that can be used to distinguish variants is amplification. 
5 Amplification primer design and strategy are described above. Briefly, primers that will 
individually amplify each spliced-in or spliced-out variant are preferred. Multiple 
reactions can be performed to identify variants with more than one spice-in or splice-out 
event. 

Methods that measure telomerase protein are also useful within the 
10 context of the present invention. By way of example, antibodies to telomerase may be 
used to stain tissue sections or permeabilized cells. Antibodies may also be used to 
detect protein by immunoprecipitation, Western blot and the like. Furthermore, 
subcellular localization of telomerase and telomerase variants may be determined using 
the antibodies described herein. 

15 E. Antibodies to telomerase 

Antibodies to the telomerase proteins, fragments, or peptides discussed 
herein may readily be prepared. Such antibodies may specifically recognize wild type 
telomerase protein and not a mutant (or variant) protein, mutant (or variant) telomerase 
protein and not wild type protein, or equally recognize both the mutant (or variant) and 

20 wild-type forms. Antibodies may be used for isolation of the protein, inhibiting 
(antagonist) activity of the protein, or enhancing (agonist) activity of the protein. As 
well, assays for small molecules that interact with telomerase will be facilitated by the 
development of antibodies. 

Within the context of the present invention, antibodies are understood to 

25 include monoclonal antibodies, polyclonal antibodies, anti-idiotypic antibodies, 
antibody fragments (e,g. y Fab, and F(ab')2> F v variable regions, or complementarity 
determining regions). Antibodies are generally accepted as specific against telomerase 
protein if they bind with a of greater than or equal to 10" 7 M, preferably greater than 
of equal to 10" 8 M. The affinity of a monoclonal antibody or binding partner can be 

30 readily determined by one of ordinary skill in the art {see Scatehard, Ann KY. Acad. 
Scl 57:660-672, 1949). 

Briefly, a polyclonal antibody preparation may be readily generated in a 
variety of warm-blooded animals such as rabbits, mice, or rats. Typically, an animal is 
immunized with telomerase protein or peptide thereof, which is preferably conjugated 
35 to a carrier protein, such as keyhole limpet hemocyanin. Routes of administration 
include intraperitoneal, intramuscular, intraocular, or subcutaneous injections, usually in 
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an adjuvant (e.g., Freund's complete or incomplete adjuvant). Particularly preferred 
polyclonal antisera demonstrate binding in an assay that is at least three times greater 
than background. 

Monoclonal antibodies may also be readily generated from hybridoma 
5 cell lines using conventional techniques (see U.S. Patent Nos. RE 32,011, 4,902,614, 
4,543,439, and 4,41 1,993; see also Antibodies: A Laboratory Manual, Harlow and Lane 
(eds.), Cold Spring Harbor Laboratory Press, 1988). Briefly, within one embodiment, a 
subject animal such as a rat or mouse is injected with telomerase or a portion thereof. 
The protein may be administered as an emulsion in an adjuvant such as Freund's 

10 complete or incomplete adjuvant in order to increase the immune response. Between 
one and three weeks after the initial immunization the animal is generally boosted and 
may tested for reactivity to the protein utilizing well-known assays. The spleen and/or 
lymph nodes are harvested and immortalized. Various immortalization techniques, such 
as mediated by Epstein-Barr virus or fusion to produce a hybridoma, may be used. In a 

15 preferred embodiment, immortalization occurs by fusion with a suitable myeloma cell 
line to create a hybridoma that secretes monoclonal antibody. Suitable myeloma lines 
include, for example, NS-1 (ATCC No. TIB 18), and P3X63 - Ag 8.653 (ATCC 
No. CRL 1580). The preferred fusion partners do not express endogenous antibody 
genes. Following fusion, the cells are cultured in medium containing a reagent that 

20 selectively allows for the growth of fused spleen and myeloma cells such as HAT 
(hypoxanthine, aminopterin, and thymidine). After about seven days, the hybridomas 
may be screened for the presence of antibodies that are reactive against a telomerase 
protein. A wide variety of assays may be utilized, including for example countercurrent 
immuno-electrophoresis, radioimmunoassays, radioimmunoprecipitations, enzyme- 

25 linked immuno-sorbent assays (ELISA), dot blot assays, western blots, 
immunoprecipitation, inhibition or competition assays, and sandwich assays (see U.S. 
Patent Nos. 4,376,110 and 4,486,530; see also Antibodies: A Laboratory Manual, 
Harlow and Lane (eds.), Cold Spring Harbor Laboratory Press, 1988). 

Other techniques may also be utilized to construct monoclonal antibodies 

30 (see Huse et al., Science 245:1275-1281, 1989; Sastry et aL, Proc. Natl Acad Sci USA 
56:5728-5732, 1989; Alting-Mees et al., Strategies in Molecular Biology 3:1-9, 1990; 
describing recombinant techniques). Briefly, mRNA is isolated from a B cell 
population and utilized to create heavy and light chain immunoglobulin cDNA 
expression libraries in suitable vectors, such as AJmmunoZap(H) and AJmmunoZap(L). 

35 These vectors may be screened individually or co-expressed to form Fab fragments or 
antibodies (see Huse etal., supra] Sastry etal., supra). Positive plaques may 
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subsequently be converted to a non-lytic plasmid that allows high level expression of 
monoclonal antibody fragments from E. colL 

Similarly, portions or fragments, such as Fab and Fv fragments, of 
antibodies may also be constructed utilizing conventional enzymatic digestion or 
5 recombinant DNA techniques to yield isolated variable regions of an antibody. Within 
one embodiment, the genes which encode the variable region from a hybridoma 
producing a monoclonal antibody of interest are amplified using nucleotide primers for 
the variable region. These primers may be synthesized by one of ordinary skill in the 
art, or may be purchased from commercially available sources (e.g., Stratacyte, La Jolla, 

10 CA) Amplification products are inserted into vectors such as ImmunoZAP™ H or 
ImmunoZAP™ L (Stratacyte), which are then introduced into E. coli, yeast, or 
mammalian-based systems for expression. Utilizing these techniques, large amounts of 
a single-chain protein containing a fusion of the V H and V L domains may be produced 
(see Bird et al., Science 242:423-426, 1988). In addition, techniques may be utilized to 

15 change a "murine" antibody to a "human" antibody, without altering the binding 
specificity of the antibody. 

Once suitable antibodies have been obtained, they may be isolated or 
purified by many techniques well known to those of ordinary skill in the art (see 
Antibodies: A Laboratory Manual, Harlow and Lane (eds.), Cold Spring Harbor 

20 Laboratory Press, 1988). Suitable techniques include peptide or protein affinity 
columns, HPLC or RP-HPLC, purification on protein A or protein G columns, or any 
combination of these techniques. 

F. Proteins that interact with telomerase 

Proteins that directly interact with telomerase can be detected by an 

25 assay such as a yeast 2-hybrid binding system. Briefly, in a two-hybrid system, a 
fusion of a DNA-binding domain-telomerase protein {e.g., GAL4-telomerase fusion) is 
constructed and transfected into a cell containing a GAL4 binding site linked to a 
selectable marker gene. The whole telomerase protein or subregions of telomerase may 
be used. A library of cDNAs fused to the GAL4 activation domain is also constructed 

30 and co-transfected. When the cDNA in the cDNA-GAL4 activation domain fusion 
encodes a protein that interacts with telomerase, the selectable marker is expressed. 
Cells containing the cDNA are then grown, the construct isolated and characterized 
Other assays may also be used to identify interacting proteins. Such assays include 
ELISA, Western blotting, co-immunoprecipitations and the like. 
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HI. INHIBITORS AND ENHANCERS OF TELOMERASE ACTIVITY 

Candidate inhibitors and enhancers (collectively referred to as 
"effectors") may be isolated or procured from a variety of sources, such as bacteria, 
fungi, plants, parasites, libraries of chemicals (e.g., combinatorial libraries), random 

5 peptides or the like. Effectors may also be peptides or variant peptides of telomerase, 
variants of telomerase, antisense nucleic acids, antibodies to telomerase, inhibitors of 
promoter activity of telomerase, and the like. Inhibitors and enhancers may be also be 
rationally designed, based on the protein structure determined from X-ray 
crystallography (see, Livnah et al., Science 273:464, 1996). In certain preferred 

10 embodiments, the inhibitor targets a specific telomerase, such as a variant 

An inhibitor may act by preventing binding of telomerase to other 
components of the ribonucleoprotein complex or to the telomere, by causing 
dissociation of the bound proteins, or by other mechanism. An inhibitor may act directly 
or indirectly. In preferred embodiments, inhibitors interfere in the binding of the 

15 telomerase protein to either the telomerase RNA or to the telomeres. In other preferred 
embodiments, the inhibitors are small molecules. In a most preferred embodiment, the 
inhibitors cause a cell to cease replication. Inhibitors should have a minimum of side 
effects and are preferably non-toxic. Inhibitors that can penetrate cells are preferred. 

In other preferred embodiments, an effector is a protein or peptide of 

20 telomerase that acts in a dominant negative fashion (see, Ball et al., Current Biology 
7:71, 1997; Current Biology 6:84, 1996). For example, a peptide of telomerase that 
competitively inhibits the binding of telomerase to telomeres will disrupt the 
lengthening of telomeres. Generally, these peptides have native sequence, but variants 
may have increased activity (see, Ball et al., supra). Variants may be constructed by the 

25 methods described herein. Other peptides may bind telomerase and inhibit one or more 
of its activities, but do not have telomerase amino acid sequence. Such peptides may be 
identified by the assays described herein. The proteins or peptides may also increase 
telomerase activity. For effective inhibition, peptide inhibitors are preferably expressed 
from vectors transfected or infected into host cells, but may also be introduced by other 

30 means, such as liposome-mediated fusion, and the like. Eukaryotic vectors are well 
known and readily available. Vectors include plasmids, viral-based vectors, and the 
like. 

In another preferred embodiment, the inhibitor is a ribozyme. 
"Ribozyme" refers to a nucleic acid molecule which is capable of cleaving a telomerase 
35 nucleic acid sequence. Ribozymes may be composed of DNA, RNA, nucleic acid 
analogues, or any combination of these {e.g., DNA/RNA hybrids). A "ribozyme gene" 
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refers to a nucleic acid molecule which, when transcribed into RNA, yields the 
ribozyme, and a "ribozyme vector" refers to an assembly that is capable of transcribing 
a ribozyme gene of interest, and may be composed of either DNA or RNA. Within 
certain embodiments of the invention, the vector may include one or more restriction 
5 site(s) and selectable marker(s). Furthermore, depending on the choice of vector and 
host cell, additional elements such as an origin of replication, polyadenylation site, and 
enhancers may be included in the vectors described herein. 

As noted above, the present invention also provides ribozymes having 
the ability to inhibit expression of the telomerase gene. Briefly, a wide variety of 

10 ribozymes may be generated for use within the present invention, including for 
example, hairpin ribozymes {see e.g., Hampel et aL, Nucl. Acids Res. 75:299-304, 1990, 
EPO 360,257, and U.S. Patent No. 5,254,678), hammerhead ribozymes {see e.g., Rossi, 
JJ. etal., Pharmac. Ther. 50:245-254, 1991; Forster and Symons, Celt 43:211-220, 
1987; Haseloff and Gerlach, Nature 525:596-600, 1988; Walbot and Bruening, Nature 

15 354:196, 1988; Haseloff and Gerlach, Nature 354:585, 1988; Haseloff etal., U.S. Patent 
No. 5,254,678), hepatitis delta virus ribozymes (see, e.g, Perrotta and Been, Biochem. 
37:16, 1992), Group I intron ribozymes such as those based upon the Tetrahymena 
ribosomal RNA (see, e.g, Cech et aL, U.S. Patent No. 4,987,071) RNase P ribozymes 
(see, e.g, Takada et aL, Cell 55:849, 1983); as well as a variety of other nucleic acid 

20 structures with the capability to cleave a desired or selected target sequence {see e.g.* 
WO 95/29241, and WO 95/31551). Within certain embodiments of the invention, the 
ribozymes may be altered from their traditional structure in order to include tetraloops 
or other structures that increase stability {see, e.g., Anderson etal., Nucl. Acids Res. 
22:1096-1100, 1994; Cheong etal., Nature 345:680-682, 1990), or which make the 

25 ribozyme resistant to RNase or endonuclease activity {see e.g. y Rossi et aL, Pharmac. 
Ther. 50:245-254, 1991). 

Within one embodiment of the invention, hairpin and hammerhead 
ribozymes are provided with the capability of cleaving telomerase nucleic acid 
sequences. Briefly, hairpin ribozymes are generated so that they recognize the target 

30 sequence N 3 XN*GUC(N >6 ), wherein N is G, U, C, or A, X is G, C, or U, and * is the 
cleavage site. Similarly, hammerhead ribozymes are generated so that they recognize 
the sequence NUX, wherein N is G, U, C, or A. The additional nucleotides of the 
hammerhead ribozyme or hairpin ribozyme is determined by the target flanking 
nucleotides and the hammerhead consensus sequence {see Rufiher et aL, Biochemistry 

35 29:10695-10702, 1990). The preparation and use of certain ribozymes is described in 
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Cech et al. (U.S. Patent No. 4,987,071). The ribozymes are preferably expressed from a 
vector introduced into the host cells. 

Ribozymes of the present invention, as well as DNA encoding such 
ribozymes can be readily generated utilizing published protocols (e.g., Promega, 
5 Madison Wis., Heidenreich et al., J. FASEB 70:90-6, 1993; Sproat, Curr. Opin. 
Biotechnol 4:20-28, 1993). Alternatively, ribozymes may be generated from a DNA or 
cDNA molecule which encodes a ribozyme and which is operably linked to a RNA 
polymerase promoter (e.g., SP6 or T7). An RNA ribozyme is generated upon 
transcription of the DNA or cDNA molecule. 

10 In other preferred embodiments, inhibitors diminish promoter activity of 

telomerase. A eukaryotic promoter comprises sequences bound by RNA polymerase 
and other proteins participating in control of the transcription unit Telomerase 
transcription appears to be highly regulated; the protein is expressed mainly in stem, 
embryonic, and cancer cells, and expressed at much lower levels, if at all, in most 

15 somatic cells. Thus, the promoter is a potential target for inhibitors. The inhibitors may 
disrupt or prevent binding of one or more of the factors that control transcription of 
telomerase, causing transcription to diminish or cease. The levels of transcription need 
only fall to a low enough level that at least one telomere becomes absent. 

Another inhibitor of the present invention is antisense RNA or DNA to 

20 telomerase coding or non-coding sequence. Antisense nucleic acids directed to a 
particular mRNA molecule have been shown to inhibit protein expression of the 
encoded protein Based upon the telomerase sequences presented herein, an antisense 
sequence is designed and preferably inserted into a vector suitable for transfection into 
host cells and expression of the antisense. The antisense may bind to any part of the 

25 hH RNA. In certain embodiments, the antisense is designed to bind specifically to one 
or more variants. Specific binding means that under physiological conditions, the 
antisense binds to RNAs that have the complementary sequence, but not other RNAs. 
Because telomerase RNAs that contain any particular intron sequence may be a 
heterogeneous group of variants due to independent assortment of splice variants, more 

30 than one species of RNA may be bound and inactivated. The antisense polynucleotides 
herein are at least 7 nucleotides long and generally not longer than 100 to 200 bases, 
and are more typically at least 10 to 50 bases long. Considerations for design of 
antisense molecules and means for introduction into cells are found in U.S. Patent Nos. 
5,681,747; 5,734,033; 5,767,102; 5,756,476; 5,749,847; 5,747,470; 5,744,362; 

35 5,716,846). , 
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In addition, enhancers of telomerase activity or expression are desirable 
in certain circumstances. At times, increasing the proliferation potential of cells will 
have a therapeutic effect. For example, organ regeneration or differentiation after injury 
or diseases, nerve cell or brain cell growth following injury, proliferation of 
5 hematopoietic stem cells used in bone marrow transplantation or other organ stem cells, 
and the like may be limiting and thus benefit from an enhancer of telomerase. 
Enhancers may stabilize endogenous protein, increase transcription or translation, or act 
through other mechanisms. As is apparent to one skilled in the art, many of the 
guidelines presented above apply to the design of enhancers as well. 

10 Screening assays for inhibitors and enhancers will vary according to the 

type of inhibitor and nature of the activity that is being inhibited. Assays include the 
TRAP assay or variation, a non-amplification based polymerase assay, yeast two- 
hybrid, release of repression in yeast transfected with a vertebrate telomerase, and the 
like. For screening compounds that interact with the promoter for telomerase, a reporter 

15 gene driven assay is convenient. 

IV. USES FOR TELOMERASE 

Nucleotide sequence for telomerase and telomerase protein are used in a 
variety of contexts in this invention. In preferred embodiments, the compositions of the 
present invention are used either as diagnostic reagents or as therapeutics. 

20 A. Diagnostics 

Expression of mRNA encoding telomerase and/or protein may be used 
for detection of dividing cells, especially tumor cells and stem cells. Detection methods 
include antibody staining or tagged telomerase binding compounds for detection of 
protein, nucleic acid hybridization in situ for mRNA, hybridization on DNA "chips", 

25 Northern analysis, RNase probe protection, amplification by PCR or other method, 
ligase-mediated amplification and the like. Furthermore, expression of RNA splice 
variants may be assayed conveniently by amplification, RNase probe protection, other 
disclosed methods and the like. In particular, oligonucleotide primers surrounding the 
site of frequent splice variants, such as the primers described herein (e.g., Htel Intron T 

30 and HT 2482R) may be used to detect splice variants in various cell types. As shown in 
the examples, various tumor cell types exhibit different RNA splice variations. 
Correlation of the splice variant pattern with tumor stage, metastasis potential and the 
like may be determined. As such, assays for the particular variants may be used as a 
diagnostic. Cells with increased telomerase activity, such as cancer cells or 
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hyperproliferative cells, may be identified by assaying qualitatively or quantitatively by 
any of the assays described herein. Typically, telomerase activity or expression will be 
compared between suspect cells and normal counterpart cells from the same or different 
individual Increased activity indicative of a tumor or excessive proliferation is 
5 established by direct comparison or by detecting activity in cells otherwise known to be 
absent in telomerase activity or expression. In addition, monitoring cancer progression 
or response to therapy can be performed using the assays described herein and 
comparing activity or expression over a time course. 

The variant detected in one ALT cell line, which expresses telomerase, 
10 suggests that the basic domain of hTl may contribute to the ALT mechanism in at least 
some ALT cell lines. One possible mechanism of ALT could involve dysregulated 
telomerase components that are inactive in the TRAP assay. Thus, identification of the 
variants may be useful for following tumorigenesis. 

Alternative mRNA splicing is a common mechanism for regulating gene 
15 expression in higher eukaryotes and there are many examples of tissue-specific, 
development-specific and sex-specific alterations in splicing events. Importantly, 15% 
of mutations linked to disease states in mammals affect splicing patterns (Horowitz and 
Krainer Trends Genet, 70, 100-106, 1994). Changes in cell physiology can also induce 
altered splicing patterns. Indeed, tumorigenesis itself has been suggested to enhance the 
20 expression of mRNA spliced variants by compromising the alternative splicing 
mechanisms. Although other, novel minor alternatively spliced hTl variants may play 
a role in tumor development, the altered relative expression levels of the major 
transcripts found in various tumors compared to normal cells, and in post-crisis cell 
lines compared to limited life-span pre-crisis cells, are likely to play a major role in the 
25 establishment and progression of cancers. In addition, the existence of the alternative 
spliced variants of hTl that are seen in both testis and colonic crypt, as well as tumor 
cell lines, suggests complex regulation of this gene in normal development. 

Expression of the major hTl products is found in most tumors and in all 
telomerase-positive immortalized cell lines. Transcriptional control of hTl may 
30 therefore be a major aspect of the regulation of telomerase activity, in addition to other 
functions. For example, telomerase may be involved in the healing of chromosome 
breaks in addition to its role in maintaining telomere length in the gennline. The 
composition of telomerase may vary according to these functional roles. 

Therefore, the intron sequences may be especially useful for diagnostic 
35 applications. For example, detection and identification of diseases, such as cancer, 
aging, wound healing, neuronal regeneration, regenerative cells (e.g., stem cells), may 
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be important preludes to determining effective therapy. In this regard, detection of 
wound healing can facilitate development and identification of an ameliorative 
compound. Currently, wound healing assays are expensive and time consuming, 
whereas an amplification or hybridization-based assay would be quick and cost 
5 effective. In any of these applications, detection may be quantitative or qualitative. In a 
qualitative assay, a particular amplification primer pair or hybridization probe for one of 
the variant sequences (e.g., introns that are variably spliced) can be used to detect the 
presence or absence of the variant sequence. 

Probes useful in the context of the present invention include nucleic acid 

10 molecules that hybridize to the sequences presented in Figure 10 or to their 
complements. Probes for hybridization are generally at least 24 bases, but may range 
from 12 to full-length sequence. The probes may comprise additional sequence that 
does not hybridize to hTl DNA or RNA. Probes are generally DNA, but may be RNA, 
PNA, or derivatives thereof. Hybridization conditions will be chosen appropriate for 

15 the length of the probe and method of hybridization (e.g., on nylon support, on silicon- 
based chip). Conditions are well known in the art. One of the sequences in Figure 10 is 
a genomic sequence, not found in telomerase mRNA. A probe derived from this 
sequence may be used to detect genomic DNA in RNA preparations and amplification 
reactions. Hybridization probes may be labeled with a radiolabel, chemiluminescent 

20 label, or any of the myriad other known labels. 

Hybridization can be performed on mRNA preparations, cDNA 
preparations, affixed to a solid support, in solution, or in situ tissues, and the like. One 
type of hybridization analysis is annealing to oligonucleotides immobilized on a solid 
substrate, such as a functionalized glass slide or silicon chip. Such chips may be 

25 commercially procured or made according to methods and procedures set out in e.g., 
PCT/US94/12282; U.S. Patent No. 5,405,783; U.S. Patent No, 5,412,087; U.S. Patent 
No. 5,424,186; U.S. Patent No. 5,436,327; U.S. Patent No. 5,429,807; U.S. Patent No. 
5,510,270; WO 95/35505; U.S. Patent No. 5,474,796. Oligonucleotides arc generally 
arranged in an array form, such that the position of each oligonucleotide sequence can 

30 be determined. 

For amplification assays, primer pairs that either flank the introns or 
require the presence of the intron for amplification are desirable. Many such primer 
pairs are disclosed herein. Others may be designed from the sequences presented 
herein. Generally, the primer pairs are designed to only allow amplification of a single 
35 intron, however, in some circumstances detection of multiple introns in the same RNA 
preparation may be preferred. 
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Other diagnostic assays, such as in situ hybridization, RNase protection, 
and the like may be used alternatively or in addition to the assays discussed above. The 
principles that guide these assays are provided by the present invention, while the 
techniques are well known. 
5 Transgenic mice and mice that are null mutants (e.g., "knockout mice") 

may be constructed to facilitate testing of candidate inhibitors. The telomerase gene is 
preferably under control of a tissue-specific promoter for transgenic mice vector 
constructs. Mice that overexpress telomerase can be used as a model system for testing 
inhibitors. In these mice, cells overexpressing telomerase are expected to be 

10 continuously proliferating. Administration of candidate inhibitors is followed by 
observation and measurement of cell growth. Inhibitors that slow or diminish growth 
are candidate therapeutic agents. 

Telomerase may also be transfected into cells to immortalize various cell 
types. Transient immortalization may be achieved by non-stable transfection of an 

15 expression vector containing telomerase. Alternatively, proliferation of stable 
transformants of telomerase gene under control of an inducible promoter can be turned 
on and off by the addition and absence of the inducer. Similarly, the presence and 
absence of an inhibitor of telomerase activity may be used to selectively immortalize 
cells. Expression of part of all of the protein in yeast may act as a dominant negative, as 

20 many human proteins interact with components of a complex in yeast, but do so 
imperfectly and therefore unproductively. As such, these genes act as dominant 
negatives. Thus, the yeast will eventually senesce. Such cells may be used in screens 
for inhibitory drugs, which will allow growth of yeast past the time of senescence. 

Purified telomerase protein, reference variant protein, or fragments, may 

25 be used in assays to screen for inhibitory drugs. These assays will typically be 
performed in vitro and utilize any of the methods described above or that are known in 
the art. The protein may also be crystallized and subjected to X-ray analysis to 
determine its 3-dimensional structure. 

B. Therapeutics 

30 The compositions and methods disclosed herein may also be used as 

therapeutics in the treatment of diseases and disorders to effect any of the telomerase 
activities in a cell. Treatment means any amelioration of the disease or disorder, such 
as alleviating symptoms of the disease or disorder, reduction of tumor cell mass and the 
like. For example, inhibitors of enzyme activity may be used to restrict proliferation of 

35 cells. 
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Many diseases and disorders are tightly associated with proliferation and 
proliferative potential. One of the most apparent diseases involving unwanted 
proliferation is cancer. The methods and compositions described herein may be used to 
treat cancers, such as melanomas, other skin cancers, neuroblastomas, breast 

5 carcinomas, colon carcinomas, leukemias, lymphomas, osteosarcomas, and the like. 
Other diseases and disorders amenable for treatment within the context of the present 
invention include those of excessive cell proliferation (increased proliferation rate over 
normal counterpart cells from the same or different individual) such as smooth muscle 
cell hyperplasias, skin growths, and the like. Yet other diseases and disorders would 

10 benefit from increased telomerase activity. Enhancers of telomerase may be used to 
stimulate stem cell proliferation and possibly differentiation. As such, expansion of 
hematopoietic stem cells could be administered in the bone marrow transplant context. 
As well, many tissues have stem cells. Proliferation of these cells may be beneficial for 
wound healing, hair growth, treatment of diseases, such as Wilm's tumor, and the like. 

15 Certain of the inhibitors or enhancers may be administered by way of an 

expression vector. Many techniques for introduction of nucleic acids into cells are 
known. Such methods include retroviral vectors and subsequent retrovirus infection, 
adenovirals or adeno-associated viral vectors and subsequent infection, complexes of 
nucleic acid with a condensing agent (e.g., poly-lysine), these complexes or viral 

20 vectors may be targeted to particular cell types by way of an incorporated ligand. Many 
ligands specific for tumor cells and other cells are well known in the art 

As noted above, within certain aspects of the present invention, nucleic 
acids encoding ribozymes, antisense, dominant-negative telomerases, portions of 
telomerase and the like may be utilized to inhibit telomerase activity by introducing a 

25 functional gene to a cell of interest. This may be accomplished by either delivering a 
synthesized gene to the cell or by delivery of DNA or cDNA capable of in vivo 
transcription of the gene product. More specifically, in order to produce products in 
vtvo 9 a nucleic acid sequence coding for the product is placed under the control of a 
eukaryotic promoter (e.g., a pol III promoter, CMV or SV40 promoter). Where it is 

30 desired to more specifically control transcription, the gene may be placed under the 
control of a tissue or cell specific promoter (e.g., to target -cells in the liver), or an 
inducible promoter. 

A wide variety of vectors may be utilized within the context of the 
present invention, including for example, plasmids, viruses, retrotransposons and 

35 cosmids. Representative examples include adenoviral vectors (e.g., WO 94/26914, WO 
93/9191; Yei et al., Gene Therapy 7:192-200, 1994; Kolls et al., PNAS 9/(l):215-219, 
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1994; Kass-Eisler et aL, PNAS 90(24): 11 498-502, 1993; Guzman et aL, Circulation 
55(6):2838-48, 1993; Guzman et aL, Cir. Res. 7J(6): 1202-1207, 1993; Zabner et al., 
Cell 7J(2):207-216, 1993; Li et al., Hum Gene Then 4(4):403-409, 1993; Caillaud et 
aL, Eur. J. Neuroscl 5(10): 1287-1291, 1993), adeno-associated type 1 ("AAV-l") or 

5 adeno-associated type 2 ("AAV-2") vectors {see WO 95/13365; Flotte et aL, PNAS 
P0(22):10613-10617, 1993), hepatitis delta vectors, live, attenuated delta viruses and 
herpes viral vectors {e.g., U.S. Patent No. 5,288,641), as well as vectors which are 
disclosed within U.S. Patent No. 5,166,320. Other representative vectors include 
retroviral vectors (e.g., EP 0 415 731; WO 90/07936; WO 91/02805; WO 94/03622; 

0 WO 93/25698; WO 93/25234; U.S. Patent No. 5,219,740; WO 93/11230; WO 
93/10218. For methods and other compositions, see U.S. Patent Nos. 5,756,264; 
5,741,486; 5,733,761; 5,707,618; 5,702,384; 5,656,465; 5,547,932; 5,529,774; 
5,672,510; 5,399,346, and 5,712,378.) 

Within certain aspects of the invention, nucleic acid molecules may be 

5 introduced into a host cell utilizing a vehicle, or by various physical methods. 
Representative examples of such methods include transformation using calcium 
phosphate precipitation (Dubensky et aL, PNAS 57:7529-7533, 1984), direct 
microinjection of such nucleic acid molecules into intact target cells (Acsadi et aL, 
Nature 552:815-818, 1991), and electroporation whereby cells suspended in a 

0 conducting solution are subjected to an intense electric field in order to transiently 
polarize the membrane, allowing entry of the nucleic acid molecules. Other procedures 
include the use of nucleic acid molecules linked to an inactive adenovirus (Cotton et al., 
PNAS 89:6094, 1990), lipofection (Feigner et al., Proc. Natl Acad, Set USA <M:7413- 
7417, 1989), microprojectile bombardment (Williams et al., PNAS 55:2726-2730, 

5 1991), polycation compounds such as polylysine, receptor specific ligands, liposomes 
entrapping the nucleic acid molecules, spheroplast fusion whereby E. coli containing 
the nucleic acid molecules are stripped of their outer cell walls and fused to animal cells 
using polyethylene glycol, viral transduction, (Cline et al., Pharmac. Ther. 29:69, 1985; 
and Friedmann et al., Science 244A27S, 1989), and DNA ligand (Wu et al, J. of Biol 

(0 Chem. 16985- 16987, 1989), as well as psoralen inactivated viruses such as Sendai 
or Adenovirus. In one embodiment, the nucleic acid molecule is introduced into the 
host cell using a liposome. 

Administration of effectors will generally follow established protocols. 
The compounds of the present invention may be administered either alone, or as a 

15 pharmaceutical composition. Briefly, pharmaceutical compositions of the present 
invention may comprise one or more of the inhibitors or enhancers as described herein, 
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in combination with one or more pharmaceutically or physiologically acceptable 
carriers, diluents or excipients. Such compositions may comprise buffers such as 
neutral buffered saline, phosphate buffered saline and the like, carbohydrates such as 
glucose, mannose, sucrose or dextrans, mannitol, proteins, polypeptides or amino acids 
5 such as glycine, antioxidants, chelating agents such as EDTA or glutathione, adjuvants 
(eg., aluminum hydroxide) and preservatives. In addition, pharmaceutical 
compositions of the present invention may also contain one or more additional active 
ingredients. Effectors may be further coupled with a targeting moiety that binds a cell 
surface receptor specific to the proliferating cells. 

10 Compositions of the present invention may be formulated for the manner 

of administration indicated, including for example, for oral, nasal, venous, intracranial, 
intraperitoneal, subcutaneous, or intramuscular administration. Within other 
embodiments of the invention, the compositions described herein may be administered 
as part of a sustained release implant. Within yet other embodiments, compositions of 

15 the present invention may be formulized as a lyophilizate, utilizing appropriate 
excipients which provide stability as a lyophilizate, and subsequent to rehydration. 

As noted above, pharmaceutical compositions also are provided by this 
invention. These compositions contain any of the above described ribozymes, DNA 
molecules, proteins, chemicals, vectors, or host cells, along with a pharmaceutically or 

20 physiologically acceptable carrier, excipients or diluents. Generally, such carriers 
should be nontoxic to recipients at the dosages and concentrations employed. 
Ordinarily, the preparation of such compositions entails combining the therapeutic 
agent with buffers, antioxidants such as ascorbic acid, low molecular weight (less than 
about 10 residues) polypeptides, proteins, amino acids, carbohydrates including 

25 glucose, sucrose or dexirins, chelating agents such as EDTA, glutathione and other 
stabilizers and excipients. Neutral buffered saline or saline mixed with nonspecific 
serum albumin are exemplary appropriate diluents. 

In addition, the pharmaceutical compositions of the present invention 
may be prepared as medicaments for administration by a variety of different routes, 

30 including for example intraarticularly, intracranially, intradermally, intrahepatically, 
intramuscularly, intraocularly, intraperitoneally, intrathecally, intravenously, 
subcutaneously or even directly into a tumor. In addition, pharmaceutical compositions 
of the present invention may be placed within containers, along with packaging material 
which provides instructions regarding the use of such pharmaceutical compositions. 

35 Generally, such instructions will include a tangible expression describing the reagent 
concentration, as well as within certain embodiments, relative amounts of excipient 
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ingredients or diluents (e.g., water, saline or PBS) which may be necessary to 
reconstitute the pharmaceutical composition. Pharmaceutical compositions are useful 
for both diagnostic or therapeutic purposes. 

Pharmaceutical compositions of the present invention may be 

5 administered in a manner appropriate to the disease to be treated (or prevented). The 
quantity and frequency of administration will be determined by such factors as the 
condition of the patient, and the type and severity of the patient's disease. Dosages may 
be determined most accurately during clinical trials. Patients may be monitored for 
therapeutic effectiveness by appropriate technology, including signs of clinical 

10 exacerbation, imaging and the like. 

The following examples are offered by way of illustration, and not by 
way of limitation. 
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EXAMPLES 
EXAMPLE 1 

Identification and Isolation of the Human Telomerase Gene 

5 

A human telomerase gene is identified in a cDNA library constructed 
from a cancer cell line. The cDNA is subjected to DNA sequence analysis (Kilian et 
al., supra). 

An EST sequence, GenBank Accession No. AA281296, is identified as 

10 partial telomerase gene sequence by a BLAST search against the Euplotes telomerase 
sequence, GenBank Accession No. U95964 (p=3.2 x lO" 6 ). Amino acid sequence 
identity between the two sequences is approximately 38% and amino acid sequence 
similarity is approximately 60%. 

To obtain longer clones of hTl, a number of cDNA libraries prepared 

15 from tumor cells are screened by amplification using primers from within the EST 
sequence. Primers HT1553F and HT1920R, based on the EST sequence, are used to 
amplify an approximately 350 bp fragment in a variety of cDNA libraries. The 
amplification reaction is performed under "hot start" conditions. Amplification cycles 
are 4 min at 95°C; 1 min at 80°C; 30 cycles of 30 sec at 94°C, 30 sec at 55°C, 1 min at 

20 72°C°; and 5 min at 72°C. An amplified product of the expected size (-350 bp) is 
detected in only 3 of the 12 libraries screened. No fragment is detectable in a testis 
cDNA library, somatic cell libraries, and a variety of cancer cell cDNA libraries. 
However, an abundant 350 bp fragment is detected in a cDNA library from LIM 1215 
cells, a colon cancer cell line. In this library, and in several others, an additional 

25 fragment of around 170 bp was amplified. 

Two approaches are followed to obtain longer clones from the LIM1215 
library: screening plaques with a 32 "P-labeled EST probe and amplification on library 
DNA. A single positive plaque, designated 53.2, with a 1.9 kb insert is obtained by 
hybridization of the library with the EST probe. DNA sequence analysis of this clone 

30 demonstrates that it extends both 5' and 3' of the EST sequence, but did not contain a 
single open reading frame (ORF). A fragment obtained from amplification analysis of 
the library is similar in sequence to the 53.2 fragment but also contains two additional 
sequences of 36bp and >300bp. Both insertions demonstrate characteristics of splice 
acceptor and donor sequences at their boundaries relative to the 53.2 sequence and may 

35 represent unspliced introns. Amplification using primers T7 and HT1553F, yields an 
approximately 1.6 kb fragment; and using primers T3 and HT1893R, yields an 
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approximately 0.7 kb fragment. Each of these fragments support amplification of a 320 
bp fragment using primers HTEL1553F and HT1893R. 

Longer clones may also be obtained by amplification of mRNA samples. 
Reverse transcriptase PCR (RT-PCR) on LIM1215 mRNA identifies a number of 
5 additional PCR products, including one with a 182 bp insertion relative to 53.2 that 
results in a single open reading frame (ORF). cDNA is synthesized from RNAs isolated 
from normal and tumor tissues. RT-PCR followed by nested amplification is performed 
using the Titan RT-PCR system (Boehringer-Mannheim). Amplification conditions are 
as follows: 95°C for 2 min, two cycles of 94°C for 30 sec, 65°C for 30 sec and 68°C for 

10 3 min, 2 cycles of 94°C for 30 sec, 63°C for 30 sec, 68°C for 3 min, 34 cycles of 94°C 
for 30 sec, 60°C for 30 sec and 68°C for 3 min. RT-PCR products are diluted 100 fold, 
and 1 ^1 is used for nested amplification using Tag polymerase with buffer Q (Qiagen). 
Amplification conditions are as above, except that the final step is 14 cycles. For 
normal tissues and tumors, amplification products are resolved by electrophoresis in 

15 1.5% agarose gel, transferred to Zetaprobe membrane and probed with radiolabeled 
oligonucleotide HT1 69 1 F. 

The DNA sequence is also extended 5' and 3' using a combination of 
cRACE and 3' RACE, respectively, on LIM1215 mRNA to give a fragment of 3871 bp 
designated hTl (Figure 1). Two rounds of cRACE are carried out to extend the 

20 sequence of hTl and map the transcription initiation site. 500 ng LIM1215 polyA+ 
RNA is used as the template. First strand cDNA synthesis is primed using the 
HT1576R primer. The first round of amplification on the ligation product (using the 
XL-PCR system) employs the HT1157R and HT1262F primers. Amplification 
products are purified using Qiagen columns, and further amplified using primers 

25 HT1114R and HT1553F. A resulting 1.4 kb band is subjected to DNA sequence 
analysis, and a new set of primers are designed based on this sequence. For the second 
round of cRACE, the first strand cDNA is primed with the HT220R primer. The first 
round of amplification utilizes the HT0142R and HT0141F primers. Products are 
purified as above and amplified using HT0093 and HT0163F primers. A product of 

30 100 bp is observed and subjected to sequence analysis in two independent experiments 
to define the 5 f end of the hTl transcript. The 5' end of the transcript is also obtained by 
amplification using primer HtelFulcodT 5 f - 

AGGAGATCTCGCGATGCCGCGCGCTC-3' and HtelFulcodB 5 f - 
TCCACGCGTCCTGCCCGGGTG-3* on L1M1215 RNA. The resulting amplified 

35 product was digested with Mlu I and Bgl II and ligated to the remaining telomerase 
cDNA sequence. 
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The 3'-most sequences of the transcript are obtained by two rounds of 
amplification (XL-PCR system) using EBHT18 in both rounds as the reverse primer, 
and HT2761F and HT3114F as the forward primers in the first and second rounds, 
respectively. 

5 The size of hTl accords well with the size estimated from the Northern 

blot (see below) for the most abundant RNA species in LIM1215 RNA. Approximately 
3.9 kb of DNA sequence is presented in Figure 1. The sequence found in the EST is 
located from nucleotides 1624-2012. The predicted amino acid sequence of the largest 
open reading frame is also presented in Figure 1. As presented, the protein is 1132 

10 amino acids. 



Table 2 





Name 






Oliao Sequence 


15 


HT0028F 


5' 




G CT G GTGC AGCGCGGGGACC 




Tim c t ij ^ j_ 

HT 5' Met 


5 1 




C AC AAGCT TG AAT T C ACATC T C ACC AT G AAGGAGCTG GTGG CCCGAGT 




HT0093R 


5' 




GGCACGCACACCAGGCACTG 




HT0141F 


5' 




CCTGCCTGAAGGAGCTGGTG 




HT0142R 


5' 




GGACACGTGGCGGAAGGAG 


20 


HT0163F 


5' 




CCGAGTGCTGCAGAGGCTGT 




HT0220R 


5' 




GAAGCCGAAGGCCAGCACGTTCTT 




HT1262F 


5' 




GTGCAGCTGCTCCGCCAGCACA 




HT1114R 


5' 




GTTCCCAAGCAGCTCCAGAAACAG 




HT1157R 


5' 




GGCAGTGCGTCTTGAGGAGCA 


25 


HT1553F 


5' 




CACTGGCTGATGAGTGTGTAC 




HT1576R 


5' 




GACGTACACACTCATCAGCCAG 




HT1590F 


5' 




GGTCTTTCTTTTATGTCACGGAG 




HT1691F 


5' 




CACTTGAAGAGGGTGCAGCT 




HT1875F 


5' 




GT CT C ACCTCGAGGGTG AAG 


30 


HT1893R 


5' 




TTCACCCTCGAGGTGAGACGCT 




HT1920R 


5' 




TCGTAGT TGAGCACGCT GAAC 




HT2026F 


5' 




GCCTGAGCTGTACTTTGTCAA 




HTM2028F 


5' 




CTUAGCTGTACTTTGTCAAGGACA 




HT2230F 


5» 




GTACATGCGACAGTTCGTGGCTCA 


35 


HT2356R 


5' 




CATGAAGCGTAGGAAGACGTCGAAGA 




HT2482R 


5' 




CGCAAACAGCTTGTTCTCCATGTC 
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10 



HT2761F 5' - CTATGCCCGGACCTCCATCAGA 

HT2781R 5' - CTGATGGAGGTCCGGGCATAG 

HT3114F 5' - CCTCCGAGGCCGTGCAGT 

HT3292B 5 1 - CACCTCAAGCTTTCTAGATCAGTCCAGGATGGTCTTGAAGTCA 

HT3689R 5 r - GGAAGGCAAAGGAGGGCAGGGCGA 

EBHT18 5' - CACGAATTCGGATCCAAGCTTTTTTTTTTTTTTTTTT 

HT-RNA-F S 1 - GGGTTGCGGAGGGTGGGC 

HT-RNA4 51R 5» - GCAGTGGTGAGCCGAGTCCTG 

HT-RNA598F 5 1 - CGACT TTGGAGGTGCCTTCA 

GCTGGTGCAGCGCGGGGACC 
GAGGTGCAGAGCGACTACTCCA 
GTCTCACCTCGAGGGTGAAG 
GGCTGCTCCTGCGTTTGGTGGA 
GCCAGAGATGGAGCCACCC 
GGGTGGCTCCATCTCTGGC 
CCGCACGCTCATCTTCCACGT 
GCTTGGGGATGAAGCGGTC 
CGCCTGAGCTGTACTTTGTCA 

CACCTCAAGCTTTCTAGATCAGCTAGCGGCCCAGCCCAACTCCCCT 
GCAGCACACATGCGTGAAACCTGT 
GTGTCAGAGATGACGCGCAGGAA 
ACCCACACTTGCCTGTCCTGAGT 

ACTGGATCCTTGACAATTAATGCATCGGCTCGTATAATGTGTGGAGGGTTGCGGAGGG 
TGGGC 

hTR 5'T7 5' - CTGTAATACGACTCACTATAGGGTTGCGGAGGGTGGGC 

hTR 3'PstI 5' - CACCTGCAGACATGCGTTTCGTCCTCACGGACTCATCAGGCCAGCTGGCGACGCATGTGT 
GAGCCGAGTCCTG 



RTel 5'T 
HTel979T 
HTell335T 
HTel71T 

15 HTemBfTopJS 1 
HTel21TBot) 5' 
HTel-7B 5' 
HTel+256B 5' 
HtellntronT 5' 

20 Htel 3'CODB 5' 
Htel 1210B 5' 
Htel 1274B 
Htel 1624b 
hTR TAG 

25 



5' 
5' 
5' 



30 BT- 


177 


5' 


- GGATCCGCCGCAGAGCACCGTCTG 


BT- 


178 


5» 


- CGAAGCTTTCAGTGGGCCGGCATCTGAAC 


BT- 


179 


5' 


- CGAAGCTTTCACAGGCCCAGCCCAACTCC 


BT- 


182 


5' 


- GCGGATCCAGAGCCACGTCCTACGTC 


BT- 


183 


5' 


- GCGGATCCGTTCAGATGCCGGCCCAC 



35 
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EXAMPLE 2 

hTI Sequence and Alignment with other Telomerases 

Multiple sequence alignment demonstrates that the predicted hTI protein 
5 is co-linear with the Euplotes and S. cerevisae telomerase catalytic subunits over their 
entire lengths (Figure 2). Although the overall homology between the three proteins is 
relatively low (approximately 40% similarity in all pairwise combinations) the overall 
structure of the protein seems to be well conserved. Four major domains: N-tenninal, 
basic, reverse transcriptase (RT) and C-terminal are present in all three proteins. The 

10 highest area of sequence similarity is within the RT domain. Notably, all the motifs 
characteristic of the Euplotes RT domain are present and all amino acid residues 
implicated in RT catalysis are conserved in the hTI sequence (Lingner et al., Science 
276: 561-567, 1997). 

Recently, protein phosphatase 2A treatment of human breast cancer cell 

15 extracts has been shown to inhibit telomerase activity (Li et al., J. Biol. Chent 272: 
16729-16732, 1997). It is not known whether this effect is direct, but it raises the 
possibility of regulation of telomerase activity by protein phosphorylation. The 
predicted hTI protein does contain numerous potential phosphorylation sites, including 
1 1 SP or TP dipeptides, which are potential sites for cell cycle dependent kinases. 

20 

EXAMPLES 
Characterization of Telomerase Gene 

25 Northern analysis and Southern analysis are performed to determine the 

size of the telomerase transcript and whether telomerase gene is amplified in tumors 
cells. 

For Northern analysis, polyA mRNA is isolated from LIM 1215 cells 
and from CCD fibroblasts. CCD is a primary human fibroblast cell line. Briefly cells 

30 are lysed by homogenization in a buffered solution (0.1 M NaCl, 10 mM Tris, pH 7.4, 1 
mM EDTA) containing detergent (0.1% SDS) and 200 ^ig/ml of proteinase K. SDS is 
added to the lysate to a final concentration of 0.5%, and the lysate is incubated at 60°C 
for 1 hr and 37°C for 20 min. The lysate is then incubated for 1 hr with a slurry oligo 
dT-cellulose that has been pre-cycled in 0.1 M NaOH and equilibrated in 0.5 M NaCl, 

35 10 mM Tris pH 7.4, 1 mM EDTA, and 0.1% SDS. The resin is collected by 
centrifugation, batch washed in the equilibration buffer, and loaded into a column. The 
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mRNA is eluted with wanned (37°C) buffer (10 mM Tris pH 7.4, 0.1 mM EDTA) and 
ethanol precipitated. 

Approximately 3 jig of polyadenylated RNA is electrophoresed in a 
0,.85% formaldehyde-agarose gel (see Sampbrook et aL, supra) and transferred 
5 overnight to Genescreen plus (Bio-Rad, CA). The membrane is hybridized with a 32 P- 
labeled telomerase-specific probe (390 bp insert corresponding to the EST sequence). 
After washing the blot at high stringency, a prominent -3.8 kb band is observed in 
mRNA from LIM 1215, but not in mRNA from CCD fibroblasts (Figure 3). 
Subsequent hybridization of the same membrane with a probe for glyceraldehyde 6- 

10 phosphate dehydrogenate demonstrated an equivalently strong band in both mRNAs, 
indicating that each lane contained a similar amount of high quality RNA. The 
presence of larger transcripts (especially a ~ 8 kb heterodispersed band) is also visible 
only in LIM1215 RNA (Fig. 10, upper panel.). These findings provide an indication of 
additional hTl-specific mRNA and also that hTl may be preferentially expressed in 

15 tumor versus normal cells. 

For Southern analysis, DNA is isolated from human peripheral blood 
mononuclear cells and LIM 1215. Approximately 10 jLig of DNAs are digested with 
Hind HI, Xba I, Eco RI, BamHl, and Psll, electrophoresed in a 1% agarose gel, and 
transferred to a nylon membrane. For controls, plasmid DNA containing human 

20 telomerase is titrated to approximately the equivalent of 10 copies, 5 copies, and 1 copy 
per 10 p.g genomic DNA and electrophoresed on the same gel. A 390 bp fragment of 
telomerase gene (containing the EST sequence) is 32 P-labeled and hybridized under 
normal stringency conditions. The filter is washed in 2X SSC, 0.1% SDS at 55°C. A 
scanned phosphor image is presented in Figure 4. As shown, the telomerase gene does 

25 not appear to be amplified or rearranged in LIM1215 as there is not significant 
difference in the pattern or intensity of hybridization when comparing LIM 1215 to 
PBMC DNA. Moreover, telomerase appears to be a single copy gene, as all digestions 
except Pst I yielded a single band. 

30 EXAMPLE 4 

hTI Expression Patterns 

Although telomerase activity has been widely associated with tumor 
cells and the germline, it has only recently been recognized that certain normal 
35 mammalian tissues express low levels of telomerase activity. hTl expression is not 
detected in primary fibroblast RNA, and amplification of several commercially 
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available cDNA libraries from lung, heart, liver, pancreas, hippocampus, fetal brain, and 
testis using primers for the EST region, did not reveal any products. 

However, the expression of hTl in normal tissues that have previously 
been shown to have telomerase activity (colon, testis and peripheral blood lymphocytes) 
5 are examined, as well as a number of melanoma and breast cancer samples. RNA is 
isolated from normal human colon, testis and circulating lymphocytes, and from tissue 
sections of tumor samples, and subjected to RT-PCR analysis. Amplification products 
from cDNA are easily distinguished from products resulting from contaminating 
genomic DNA, as a product of -300 bp is observed using cDNA as a template and a 

10 product of 2.7 kb is observed using genomic DNA as a template. hTl transcripts are 
detected in both colon and testis, in the majority of tumor samples, and very weakly in 
the lymphocyte RNA (Figure 5, upper panel). Interestingly, two of the breast cancer 
samples are negative for hTl expression, despite containing comparable amounts of 
RNA to the other samples, as judged by amplification of P-actin as a positive control 

15 (Figure 5, lower panel). 

Acquisition of telomerase activity appears to be an important aspect of 
the immortalization process. The expression of hTl in a number of matched pairs of 
pre-crisis cell cultures and post-crisis cell lines is determined using RT-PCR followed 
by amplification from nested primers (Figure 6, upper panel). These cell lines are 

20 telomerase negative (pre-crisis cell line) and positive (post-crisis cell lines), 
respectively, using the TRAP assay (Bryan et al., EMBO J, 14: 4240-4248, 1995). In 
two matched pairs, BFT-3B and BET-3K, hTl is detected only in the post-crisis cell 
lines (compare lanes a and b, lanes e and f). While the post-crisis line (lanes d, f) in the 
BFT-3K set shows an abundant hTl band, a fragment of the same size is also weakly 

25 present in the pre-crisis (lanes c, e) culture sample. In addition, two of the three post- 
crisis cell lines demonstrate the presence of an additional unexpected fragment of 320 
bp, and this product is also observed when colon and testis mRNA are analyzed on high 
resolution gels. 

Three immortalized telomerase-negative (ALT) cell lines are also 
30 analyzed for hTl expression (Figure 6, lanes g, h, i). Two of the lines appear negative 
for hTl expression, but in one line (IIICF-T/B1), a product of approximately 320 bp is 
again amplified (Figure 6, lane i), similar to the post-crisis, colon and testis samples. 
DNA sequence analysis of the 320 bp product from the line IHCF-T/B1 (ALT) reveals 
the presence of a 38 bp insertion, relative to the expected product. The possibility that 
35 this is an amplification from genomic DNA rather than mRNA is ruled out by 
performing amplification with the same primers but using genomic DNA as the 
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template. Under these conditions, a 2.7 kb fragment is amplified and its authenticity 
confirmed by partial sequence analysis. 

5 EXAMPLE 5 

Identification of Alternative Splicing Patterns of Telomerase mRNA 

DNA sequence analysis of clones from the LIMI215 cDNA library and 
the RT-PCR data presented above for the pre-crisis and post-crisis cultures indicated 

10 that there is a number of different sequence variants within the hTl transcript. To 
systematically survey for variants, RT-PCR is performed using primer pairs covering 
the whole sequence. No variants are observed in the N-terminal and the basic domains, 
but several variants are observed in the RT domain and, to a lesser extent, the C- 
terminal domain. Most notably, there are several RNA variants between RT Motif A 

15 and RT Motif B (Figure 7A). 

Samples of mRNA are prepared from several different tumors using 
conventional protocols. The tumors are: (1) SLL lung carcinoma, (2) Lymphoma C, 
(3) Lung carcinoma, (4) Medullablastoma A, (5) Lymphoma B, (6) Lymphoma E, (7) 
Tumor sample 47D, (8) Pheochromocystoma, (9) Lymphoma F, (10) Glioma, and (1 1) 

20 Lymphoma G. The mRNAs from these samples are first reverse transcribed to cDNAs 
and then amplified using primers HT1875F and HT2781R, followed by amplification 
with nested primers HT2026F and HT2482R. Four different amplified products are 
observed in Figure 8: 220 bp (band 1), 250 bp (band 2), 400 bp (band 3) and 430 bp 
(band 4). Strikingly, there is considerable variation among the tumor samples tested 

25 both in the total number of amplified products and in the quantitative distribution 
among the products. 

Three of these products are isolated from a number of tumor tissues and 
subjected to DNA sequence analysis. One of them, a 220 bp fragment, is equivalent to 
the 53.2 cDNA from the LIM1215 library. The fragment of the -250 bp (band 2) 

30 contains a 36 bp in-frame insertion, the same insertion that was identified in an 
amplified product from a LIM1215 cDNA library. As the RT-PCR product had the 
same sequence as the product from the cDNA library, it is apparent that the 36 bp 
insertion is not an artifact generated during library construction. The largest product 
(band 4) contains a 182 bp insertion (the same as the larger product amplified earlier 

35 from LIM1215 RNA) compared to the 250 bp amplicon. Unambiguous sequence for 
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the 400 bp band (band 3) is not obtained. Based on its size, it may contain the 182 bp 
insert but missing the 36 bp insertion present in bands 2 and 4 and absent from band 1. 

To test the hypothesis that such a transcript exists, a primer, HTM2028F, 
is designed such that amplification ensues only when the 36 bp fragment was missing. 
5 Amplification using HTM2028F and HT2026F primers in combination with HT2356R 
demonstrate that transcripts containing the 182 bp fragment but missing the 36 bp 
fragment are present in LIM121 5 RNA (Figure 9, lanes a and b). The same top strand 
primers (HTM2028F and HT2026F) in combination with HT2482R primer amplify a 
number of products from LIM1215 RNA (Figure 9, lanes c and d), most of which 

10 represent bands 1- 4 as determined by direct sequence analysis of PCR products. An 
amplified fragment of 650 bp using HTM2028F and HT2482R primers represents 
another, not yet fully characterized, alternatively spliced telomerase variant in the RT- 
MotifA/RT Motif B region. For clarity of presentation, the protein sequence giving the 
best match with Euplotes and S. cerevisiae proteins is presented in Figure 1 as the 

15 reference sequence. 

Specifically, there are at least seven inserts or introns that can be present 
(or absent) from telomerase RNA. (1) The 5'-most sequence (Y) is located between 
bases 222 and 223. (2) the insert (X) is located between bases 1766 and 1767. A partial 
sequence is determined and is presented in Figure 10. Termination codons are present 

20 in all three reading frames. Thus, a truncated protein without any of the Rtase motifs 
would be produced. (2) A sequence, indicated as "1" in Figure 7, is located between 
bases 1950 and 1951. This intronic sequence is 38 bp (Figure 10) and appears to be 
present in ALT and most tumor lines. The presence of this sequence adds 13 amino 
acids and shifts the reading frame, such that a termination codon (TGA) is in frame at 

25 nucleotide 1973. (3) A sequence, indicated as "a" in Figure 7, is located between bases 
2130 and 2167. This sequence is 36 bp (Figure 10) and its absence removes RTase 
motif "A" but does not alter the reading frame. (4) A sequence, indicated as "P" in 
Figure 7 is present between bases 2286 and 2469. The insert is 182 bases (Figure 10) 
and its absence causes a reading frame-shift and a termination codon in RTase motif 5 

30 at nucleotide 2604. (5) The sequence "2" in Figure 7 is present between bases 2823 
and 2824. Its length is undetermined; its partial sequence is presented in Figure 10. 
The presence of this insert causes a truncated telomerase protein, as the first codon of 
the insert is a tennination codon. (6) The sequence "3" is a 159 bp insert (Figure 10) 
between bases 3 1 57 and 3 1 58. Its presence leads to a telomerase protein with an altered 

35 COOH-terminus. The insert contains a stop codon. Moreover, sequence "3" has a 
putative binding site for the SH3 domain of c-abl (PXXXXPXXP; PEMEPPRRP). 
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The transcript that most closely aligns with Euplotes and yeast 
telomerases by amino acid similarity contains sequences A and B, and does not contain 
sequence C. The nucleotide and amino acid sequences of eight variants resulting from 
mRNAs comprising combinations of sequences A, B, and C are presented in Figure 8. 

5 

EXAMPLE 6 
Recombinant Expression of Human Telomerase 

10 Human telomerase is cloned into bacterial expression vectors. The 

sequence shown in Figure 1 is amplified from LIM 1215 mRNA in two pieces and then 
ligated together. 

For the amplification, first strand cDNA is synthesized and used in an 
amplification reaction (Titan system, Boehringer, IN) with a mixture of DNA 

15 polymerases, such that a proofreading thermostable enzyme (e.g., rTtfyis used with Taq 
DNA polymerase. As much of the mRNA in LIM 1215 lacks sequence B (Figure 9), 
the amplification primers are designed such that one primer of each pair is within 
sequence B, on either side of the Sac I site at nucleotide 2271 (Figure 1). The 5' portion 
is first amplified from cDNA using HT2356R and HT0028F primers (cycle conditions: 

20 70°C, 2 min; then added primer sequences equilibrated to 50°C; 50°C, 30 min; 95°C, 2 
min; 2 cycles of 94°C, 30 sec; 65°C, 30 sec; 3 cycles of 94°C, 30 sec; 63°C, 30 sec; 68° 
C 3 min; 32 cycles of 94°C, 30 sec; 60°C, 30 sec; 68°C, 3 min). The extreme 5' portion 
of the telomerase gene is then ligated in Eco RI/ Sac I digested pTTQ18 (Amersham 
International pic, Buckinghamshire, England) and pBluescriptH KS+, and the sequence 

25 verified. 

To obtain the 3' end, LIM 1215 cDNA is amplified using HT2230F and a 
HT3292B primer that is complementary to the sequence encoding the very C-terminus 
of telomerase. The amplification products are digested with Hind HI and Sac I and 
inserted into pTTQ18 and pBluescript II KS+. The 5' and 3' ends are also cloned joined 

30 at the native Sac 1 site in pTTQ 1 8 both as a Hexa-His fusion and a non-fusion protein. 

The plasmid pTrQ18-Htel is transfected into bacterial cells (e.g., 
BL21(DE3)). Oxer expression of the protein is accomplished upon induction with 
IPTG. The bacteria are collected by centrifugation and lysed in lysis buffer (20 mM 
NaP0 4 > pH 7.0, 5 mM EDTA, 5 mM EGTA, 1 mM DTT, 0.5 jig/ml leupeptin, 1 jig/ml 

35 aprotinin, 0.7 |ig/ml pepstatin). This mixture is evenly suspended via a Polytron 
homogenizer and the cells are broken open by agitation with glass beads or passage 
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through a microfluidizer. The resulting lysate is centrifiiged at 50,000 ipm for 45 min. 
The supernatant is diluted with 20 mM NaP0 4 , 1 mM EDTA, pH 7.0 (buffer A). The 
diluted lysate supernatant is then loaded onto a SP-Sepharose or equivalent column, and 
a linear gradient of 0 to 30% SP Buffer B(1M NaCl, 20 mM NaP0 4 , 1 mM EDTA, pH 
5 7.0) in Buffer A with a total of 6 column volumes is applied. Fractions containing 
telomerase are combined. Further purifications can be performed. 

For hexa-His fusion proteins, the lysate is clarified by centrifugation and 
batch absorbed on a Ni-IDA-Sepharose column. The matrix is poured into a column 
and washed with buffer, typically either 50 mM Tris pH 7.6, 1 mM DTT; 50 mM MES 
10 pH 7.0, or IMAC buffer (for hexa-his fusions). The telomerase protein bound to the 
matrix is eluted in NaCl containing buffer. 

EXAMPLE 7 

15 Recombinant Expression of Human Telomerase KNA Component 

The human telomerase RNA component is first isolated by amplification 
from genomic DNA. The amplification primers are telRNA T and telRNA 598B 
(Figure 5). Amplification conditions are 95°C, 3 min; addition of polymerase; 80°C 2 
20 min; 35 cycles of 94°C, 30 sec; 68°C, 2 min. 

The amplified product is inserted into pBluescript after another 
amplification using hTR TAC (has a tac promoter sequence) and hTR 3'Pst (has a cis- 
acting ribozyme sequence) primers. The pBluescript insert is then isolated and ligated 
topACYC177. 

25 

EXAMPLE 8 
Expression of Human Telomerase Subregions 

30 The RTase domain of human telomerase is determined by sequence 

comparison with Moloney MuLV reverse transcriptase. The fingers/palm region of 
Moloney MuLV reverse transcriptase forms a stable unit for crystallization (Georgiadis 
et al., Structure 3: 879, 1995). A number of residues and motifs are conserved in the 
active site of both proteins. Primers are designed to amplify the RTase domain and the 

35 fingers/palm domain for insertion into an expression vector and subsequent protein 
isolation. 
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Fragment ID 


Primers 


Amino acids 


I 


BT-177/BT-178 


AAEH...-* ...VQMPAH 


U 


BT-177/BT-179 


AAEH... -+ ...VGLGL 


III 


BT-182/BT-179 


RATS...-* ...VGLGL 


IV 


BT-183/BT-179 


VQMPAH...-*. ...VGLGL 



Fragment I encodes the "fingers and palm" domain that corresponds to 
MoMuLV. The C-terminal "thumb" and "connection" (see, Kohlstaedt et aL, Science 
5 256: 1783, 1992) are deleted. Fragment II encodes the telomerase reverse transcriptase 
domain, as well as the C-terminal "connection" domain. The N-terminus is chosen by 
size comparison with the MoMuLV RTase structure. Fragment III encodes the C- 
tenninus of the protein. The RATS sequence is located within the RTase domain (palm 
region) of the protein. Fragment IV encodes the C-terminal region containing the 

10 "thumb" and "connection" domains and may function as a regulatory element. The 
connection domain in HIV-1 is able to block the catalytic cleft of HIV RTase in the 
absence of the RNase domain (Kohlstaedt et al, supra). In an analogous fashion, the C- 
terminal region may be useful as a regulatory (inhibitory) fragment. Moreover, 
sequence C has a putative binding site for the SH3 domain of c-abl (PXXXXPXXP; 

15 PEMEPPRRP, see variant 2 sequence of Figure 8). c-abl protein interacts directly with 
the ATM (ataxia telangiectasia) protein (Shafinan et al., Nature 389: 520, 1997), a 
protein apparently involved in cell-cycle control, meiotic recombination, telomer length 
monitoring and DMA damage response. Binding of c-abl protein may be assessed in 
standard protein-protein interaction methods. As such, an interaction of telomerase and 

20 c-abl or other SH3-domain containing proteins (e.g., erb2) and regulation by movement 
of the telomerase C-terminus in and out of the catalytic cleft may be controllable using 
the constructs and products described herein. In one instance, regulation may be 
mediated by phosphorylation/dephosphorylation reactions. 

All primers have either a Hind III or a Bam HI site. The amplification 

25 reaction is performed in IX Pfu buffer, 250 pM dNTPs, 100 ng each primer, clone 53.2 
template DNA using the following cycling conditions: 94°C for 2 min; 25 cycles of 
either 55°C, 60°C\ or 65°C for 2 min, 72°C for 2 min, 94°C for 1 min; followed by 72° 
C for 10 min. Products of the predicted length are obtained (966 bp for BT-177/BT- 
178; 1479 bp for BT-177/BT-179; 824 bp for BT-182/BT-179; 529 bp for BT-183/BT- 

30 179). The amplified products are extracted with phenol:CHCL3 and precipitated with 
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ethanol. The products are resuspended and digested with the appropriate enzyme that 
cleaves in the primer sequence. 

The digested products are iigated to pBluescript that is digested with 
enzymes that leave compatible ends. The inserts are digested with Hind III and 
5 partially digested with Bam HI for ligation to pGEX. The plasmid is transfected in 
BL21(DE3) cells and selected on ampicillin plates. Colonies are picked and grown 
overnight in liquid broth. An aliquot is diluted in Terrific Broth with 100^g/ml 
ampicillin. The cells are grown at 37°C and induced with 0.5 mM IPTG at 
approximately O.D. 0.8. Growth is continued for 5 hours. Cells are collected by 

10 centrifugation and may be processed immediately or frozen at -70°C until needed. 

Protein is purified from lysed cells. Cell pellets are lysed by vortexing in 
50 mM Tris pH 8.0, 10 mM 2-ME, 1 mg/ml lysozyme, 0.5% Triton X-100, 1 ^ig/ml 
pepstatin, 10 jig/ml leupeptin, 10 |ig/ml aprotinin, 0.5 mM PMSF, and 2 mM EDTA 
and a freeze/thaw cycle. Lysates are clarified by centrifugation. Supernatant is added 

15 to a 50% slurry of GSH-Sepharose, rotated at 4°C for 2 hr. The matrix is washed twice 
with lysis buffer, followed by 50 mM Tris, pH 8.0, 10 mM 2-ME. For analysis by 
SDS-PAGE gel electrophoresis, sample buffer with 150 mM 2-ME is added and the 
samples boiled. 

20 

EXAMPLE 9 
Isolation of Murine TElomerase Gene 

The murine telomerase gene is isolated from genomic or cDNA library. 
25 A mouse genomic library is constructed in AFIX II vector from strain 129 DNA. The 
library is plated, and plaques are lifted onto nylon membranes. The membranes are 
hybridized with the insert from clone 53.1 (1.9 kb) under normal stringency conditions. 
Six hybridizing plaques are chosen for further analysis. 

30 

EXAMPLE 10 

Demonstration of Telomerase Activity using HT-1 and Telomerase Variants 

FulWength hT-1 sequence is cloned into an expression vector and the 
35 resulting protein is assayed for telomerase activity. Vector pRc/CMV2 (Invitrogen, 
Carlsbad, CA) is a eukaryotic expression vector that has a multi-cloning site positioned 
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between a promoter, the RSV LTR, and a polyadenylation signal and transcription 
termination sequences from the bovine growth hormone gene. Telomerase sequence in 
which Leu49 codon was converted to a Met codon was inserted into pRc/CMV2. One 
clone, phTC51, is chosen for further study. The DNA sequence of the 5' junction was 

5 determined and confirmed the orientation of the insert. Subsequently, the sequence of 
the 3' junction was determined and showed a deletion of the polyA signal, but no 
deletion of telomerase coding sequence. 

The clone is transfected into HeLa GM847 cells at passages 44 and 68, 
SUSM-1 cells at passage 18, and RKF-T/A6 cells at passage 40. Cell extracts are 

10 assayed for telomerase activity by the TRAP assay as described herein. As shown in 
Figure 12, a ladder of products indicative of telomerase activity is seen at the 1:100 
dilution of extract from SUSM-1 cells and is not seen in control cells. A ladder is not 
readily detectable at the higher concentration of extract, which may be due to nuclease 
activity in the extract. 

15 Three telomerase variants are constructed: pAKI.4 is telomerase with the 

beta region spliced out (Figure 13); pAKI.7 is telomerase with the alternative C- 
terminus insert 3 (Figure 14); and pAKL14 is telomerase with the alpha region spliced 
out (Figure 15). The 5* end of the telomerase gene was inserted into each of these three 
vectors and the inserts moved to pCIneo expression vector. The variants, along with 

20 reference telomerase in pCIneo are transiently transfected into GM847 cells, which are 
ALT cells having no detectable telomerase activity but which express the RNA subunit 
Cell extracts are tested in a TRAP assay. The reference telomerase exhibits activity, as 
well as the telomerase with insert 3 (pAKI.7 insert), but the other variants do not 
express activity. 

25 

From the foregoing it will be appreciated that, although specific 
embodiments of the invention have been described herein for purposes of illustration, 
various modifications may be made without deviating from the spirit and scope of the 
invention. Accordingly, the invention is not limited except as by the appended claims. 
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CLAIMS 

We claim: 

1 . An isolated nucleic acid molecule encoding vertebrate teiomerase. 

2. The isolated nucleic acid molecule according to claim 1 wherein said 
vertebrate is a human. 

3. The nucleic acid molecule of claim 1, wherein the nucleic acid 
molecule comprises the sequence presented in Figure 1, or hybridizes under normal 
stringency conditions to the complement of the sequence presented in Figure 1, provided that 
the nucleic acid molecule is not EST AA281296. 

4. The nucleic acid molecule of claim 1, wherein the nucleic acid 
molecule encodes the amino acid sequence presented in Figure 1 or 1 1, or variant thereof 

5. An isolated nucleic acid molecule encoding any of the amino acid 
sequences presented in Figure 11, or hybridizes under normal stringency conditions to the 
complement of the sequences thereof, provided that the nucleic acid molecule is not EST 
AA281296. 

6. An isolated nucleic acid molecule comprising any of the sequences 
presented in Figure 10, or hybridizes under normal stringency conditions to the complement 
of the sequences thereof. 

7. An oligonucleotide comprising from 10 to 100 contiguous nucleotides 
from the sequence presented in Figure 1 or its complement. 

8. An oligonucleotide comprising from 10 to 100 contiguous nucleotides 
from the sequences presented in Figure 10 or the complements thereof. 

9. The oligonucleotide of either of claims 7 or 8, wherein the 
oligonucleotide is labeled. 
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10. The oligonucleotide of claim 9, wherein the label is a radiolabel, a 
chemiluminescent label, or biotin. 

11. An expression vector, comprising a heterologous promoter operably 
linked to a nucleic acid molecule according any of claims 1-6. 

12. The expression vector of claim 11, wherein the vector is selected from 
the group consisting of bacterial vectors, retroviral vectors, adenoviral vectors and yeast 
vectors. 

13. A host cell containing a vector according to either claims 1 1 or 12. 

14. The host cell of claim 13, wherein the cell is selected from the group 
consisting of human cell, monkey cell, mouse cell, rat cell, yeast cell and bacterial cell. 

15. The host cell of claim 13, wherein the cell is a human cell. 

16. An isolated protein comprising a vertebrate telomerase protein. 

1 7. The protein of claim 1 6, wherein the vertebrate is a human. 

1 8. The protein of claim 16, wherein the protein comprises the amino acid 
sequence presented in Figure 1 or 1 1, or variant thereof. 

1 9. A portion of a vertebrate telomerase protein. 

20. The portion of claim 19, wherein the amino acid sequence of the 
portion is presented in Figure 1. 

21. The portion of claim 19, wherein the amino acid sequence of the 
portion is presented in Figure 1 1. 

22. The portion of claim 19, wherein the portion is from 10 to 100 amino 

acids long. 



WO 99/01560 



56 



PCT/US98/13835 



23. An antibody that specifically binds to the protein according to either 

claim 16 or 19. 

24. An antibody that specifically binds to a polypeptide encoded by a 
sequence selected from the group consisting of region 1, region a, region p, region 2 and 
region 3. 

25. The antibody according to claim 24, wherein the antibody is a 
monoclonal antibody. 

26. A hybridoma that produces an antibody according to claim 14. 

27. A nucleic acid probe that is capable of specifically hybridizing to a 
nucleic acid molecule encoding a vertebrate telomerase under conditions of normal 
stringency, provided that the probe does not hybridize to nucleotides 1624-2012 presented in 
Figure 1. 

28. The probe of claim 27, wherein the probe is from 12 to 200 nucleotides 

long. 

29. The probe of claim 27, wherein the probe is from 20 to 50 nucleotides 

long. 

30. The probe of claim 17, wherein the nucleic acid molecule has the 
sequence presented in Figure 1 or its complement thereof. 

3 1 . The probe of claim 1 7, wherein the nucleic acid molecule is labeled. 

32. A pair of oligonucleotide primers capable of specifically amplifying all 
or a portion of a nucleic acid molecule encoding human telomerase. 

33. The primers of claim 32, wherein the nucleic acid molecule comprises 
the sequence presented in Figure 1 or its complement. 

34. The primers of claim 32, wherein the nucleic acid molecule comprises 
any of the sequences presented in Figure 11 or the complements thereof. 
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35. The primers of claim 32, wherein the pair of primers is capable of 
specifically amplifying sequence comprising all or a part of region 1, region a, region p, 
region 2, region 3 region X or region Y. 

36. The primers of claim 35, wherein the primers flank nucleotide 222, 
1950, 2131-2166, 2287-2468, 2843, or 3157 as presented in Figure 1. 

37. The primers of claim 36, wherein only one of each primer pair flanks 
nucleotide 222, 1950, 2131-2166, 2287-2468, 2843, or 3157 as presented in Figure 1 and the 
other primer of the pair has sequence corresponding to one of the sequences presented in 
Figure 10 or complements thereof. 

38. A pair of oligoprimers capable of specifically amplifying genomic 
sequence presented in Figure 10, wherein the primers amplify more than nucleotides 1 to 38. 

39. An oligonucleotide that hybridizes specifically to a nucleic acid 
sequence in region 1, region a, region p, region 2, region 3 region X or region Y. 

40. The oligonucleotide of claim 39, wherein the oligonucleotide is from 

15 to 36 bases. 

41. A method of diagnosing cancer in a patient, comprising preparing 
tumor cDNA and amplifying the tumor cDNA using primers that specifically amplify human 
telomerase nucleic acid sequence, wherein the detection of telomerase nucleic acid sequences 
is indicative of a diagnosis of cancer. 

42. The method of claim 41, further comprising comparing the amount of 
amplified telomerase sequence to a control, wherein increase telomerase nucleic acid 
sequences over the^control is indicative of a diagnosis of cancer. 

43. The method of claim 41, wherein the primers span region 1, region a, 
region p, region 2, region 3 region X or region Y, wherein the pattern of amplification is 
indicative of a diagnoses of cancer. 
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44. The method of claim 43, wherein the primers are Htel Intron T and 

Htel723B. 

45. The method of claim 44, wherein the primers are Htel335T and 

Htell022B. 

46. A method of determining a pattern of telomerase RNA expression in 
cells, comprising preparing cDNA from mRNA isolated from the cells, amplifying the cDNA 
using primers according to claim 35, therefrom determining the pattern of telomerase RNA 
expression. 

47. The method of claim 46, further comprising detecting the amplified 
product by hybridization with an oligonucleotide having all or part of the sequence of region 
1, region a, region p, region 2, region 3 region X or region Y. 

48. A method of diagnosing cancer in a patient, comprising determining a 
pattern of telomerase RNA expression, comprising amplifying telomerase from cDNA 
synthesized from tumor RNA, and detecting the amplified product by hybridization with an 
oligonucleotide having all or part of the sequence of region 1, region a, region p, region 2, 
region 3 region X or region Y, therefrom determining the pattern of telomerase RNA 
expression, wherein the pattern is indicative of a diagnosis of cancer. 

49. The method of claim 48, further comprising comparing the pattern to a 
pattern obtained from a reference cancer. 

50. A non-human transgenic animal whose cells contain a vertebrate 
telomerase gene that is operably linked to a promoter effective for the expression of the gene. 

5 1. The animal of claim 50, wherein the animal is a mouse. 

52. The animal of claim 50, wherein the promoter is tissue-specific. 

53. The animal of claim 50, wherein the telomerase gene is any of the 
nucleic acid sequences presented in Figure 11. 
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54. A mouse, whose cells have an endogenous telomerase gene disrupted 
by homologous recombination with a nonfunctional telomerase gene, wherein the mouse is 
unable to express endogenous telomerase . 

55. An inhibitor of vertebrate telomerase activity, wherein the inhibitor 
binds to telomerase and is not a nucleoside analogue. 

56. The inhibitor of claim 55, wherein the vertebrate is a human. 

57. The inhibitor of claim 55, wherein the inhibitor is antisense nucleic 
acid complementary to human telomerase mRN A. 

58. The inhibitor of claim 57, wherein the antisense is complementary to 
region a, region p, region 2 > region 3 or region X. 

59. The inhibitor of claim 55, wherein the inhibitor is a ribozyme. 

60. A method of treating cancer, comprising administering to a patient a 
therapeutically effective amount of an inhibitor according to claim 55. 

61. A nucleic acid molecule comprising the sequence selected from the set 
consisting of sequences selected from region 1, region a, region P, region 2 or region 3 as 
presented in Figure 10 and variants thereof. 

62. A method of identifying an effector of telomerase activity comprising: 

(a) adding a candidate effector to a mixture of telomerase protein, RNA 
component and template, wherein the telomerase protein is encoded by an isolated nucleic 
acid molecule according to claim 1 ; 

(b) detecting telomerase activity; and 

(c) comparing the amount of activity in step (b) to the amount of activity 
in a control mixture without candidate effector, therefrom identifying an effector. 

63. The method of claim 62, wherein the effector is an inhibitor. 

64. the method of claim 62, wherein the nucleic acid molecule encodes 
human telomerase. 
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HUMAN TELOMERASE 



ATGCCGCGCGCTCCCCGCTGCC6AGCCGTGCGCTCCCTGCT6C6CAGCCACTACCGCGAG 60 
MetProArgAlaProArgCysArgAlaValArgSerLeuLeuArgSerHisTyrArgGlu 20 



GTGCTGCCGCTGGCCACGTTCGTGCGGCGCCTGGGGCCCCAGGGCTGGCGGCTGGTGCAG 1 20 

ValLeuProLeuAlaThrPheValArgArgLeuGlyProGlnGlyTrpArgLeuValGln 40 

♦ • • • • 

CGCGGGGACCCKCGGCTTTCCGCGCGCTGGTGGCCCAGTGCCTGGTGTGCGTGCCCTGG 1 80 

ArgGlyAspProAlaAlaPheArgAlaLeuValAlaGlnCysLeuValCysValProTrp 60 



(^CGCACGGCCGCCCCCCGCCGCCCCCTCCnCCGCCAGGTGTCCTGCCTGAAGGAGCTG 240 
AspAlaArgProProProAlaAlaProSerPheArgGlnValSerCysLeuLysGluLeu 80 



GTGGCCCGAGTGCTGCAGAGGCTGTGCGAGCGCGGCGCGAAGAACGTGCTGGCCTTCGGC 300 
ValAlaArgValLeuGlnArgLeuCysGluArgGlyAlaLysAsnValLeuAlaPheGly 100 



TTCGCGCTGCTGGACGGGGCCCGCGGGGGCCCCCCCGAGGCCTTCACCACCAGCGTGCGC 360 
PheAlaLeuLeuAspGlyAlaArgGlyGlyProProGluAlaPheThrThrSerValArg 120 



AGCTACCTGCCCAACACGGTGACCGACGCACTGCGGGGGAGCGGGGCGTGGGGGCTGCTG 420 
SerTy rLeuProAsnThrValThrAspAlaLeuArgGlySerGlyAlaTrpGlyLeuLeu 1 40 



nGCGCCGCGTGGGCGACGACGTGCTGGTTCACCTGCTGGCACGCTGCGCGCTCTTTGTG 480 
LeuArgArgValGlyAspAspValLeuValHisLeuLeuAlaArgCysAlaLeuPheVal 160 



CTGGTGGCTCCCAGCTGCGCCTACCAGGTGTGCGGGCCGCCGCTGTACCAGCTCGGCGCT 540 
LeuValAlaProSerCysAlaTyrGlnValCysGlyProProLeuTyrGlnLeuGlyAla 180 



GCCACTCAGGCCCGGCCCCCGCCACACGCTAGTGGACCCCGAAGGCGTCTGGGATGCGAA 600 
AlaThrGlnAlaArgProProProHisAlaSerGlyProArgArgArgLeuGlyCysGlu 200 



CGGGCCTGGAACCATAGCGTCAGGGAGGCCGGGGTCCCCCTGGGCCTGCCAGCCCCGGGT 660 
ArgAlaTrpAsnHisSerValArgGluAlaGlyValProLeuGlyLeuProAlaProGly 220 



GCGAGGAGGCGCGGGGGCAGTGCCAGCCGAAGTCTGCCGTTGCCCAAGAGGCCCAGGCGT 720 
AlaArgArgArgGlyGlySerAlaSerArgSerLeuProLeuProLysArgProArgArg 240 
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GGCGCTGCCCCTGAGCCGGAGC6GACGCCCGTTGGGCAGGGGTCCTGGGCCCACCC6GGC 780 

GlyAlaAlaProGluProGluArgThrProValGlyGlnGlySerTrpAlaHisProGly 260 



AGGACGCGTG6AC(^GTGACCGTGGTTTCTGTGTGGTGTCACCTGCCAGACCCGCCGAA 840 
ArgThrArgGlyProSerAspArgGlyPheCysValValSerProAlaArgProAlaGlu 280 



GAAGCCACCTCTTTGGAGGGTGCGCTCTCTGGCACGCGCCACTCCCACCCATCCGTGGGC 900 
GluAlaThrSerLeuGluGlyAlaLeuSerGlyThrArgHisSerHisProSerValGly 300 



CGCCAGCACCACGCGGGCCCCCCATCCACATCGCGGCCACCACGTCCCTGGGACACGCCT 960 
ArgGlnHisHisAlaGlyProProSerThrSerArgProProArgProTrpAspThrPro 320 



TGTCCCCCGGTGTACGCCGAGACCAAGCACTTCCTCTACTCCTCAGGCGACAAGGAGCAG 1 020 
CysProProValTyrAlaGluThrLysHisPheLeuTyrSerSerGlyAspLysGluGIn 340 



CTGCGGCCCTCCTTCCTACTCAGCTCTCTGAGGCCCAGCCTGACTGGCGCTCGGAGGCTC 1080 
LeuArgProSerPheLeuLeuSerSerLeuArgProSerLeuThrGlyAlaArgArgLeu 360 



GTGGA6ACCATCTTTCTGGGTTCCAGGCCCTGGATGCCAGGGACTCCCCGCAGGTTGCCC 1 140 
ValGluThrllePheLeuGlySerArgProTrpMetProGlyThrProArgArgLeuPro 380 



CGCCTGCCCCAGCGCTACTGGCAMTGCGGCCCCTGTTTCTGGAGCTGCTTGGGAACCAC 1200 
ArgLeuProGlnArgTyrTrpGlnMetArgProLeuPheLeuGluLeuLeuGlyAsnHis 400 



GCGCAGTGCCCCTACGGGGTGCTCCTCAAGACGCACTGCCCGCTGCGAGCTGCGGTCACC 1260 
AlaGlnCysProTyrGlyValLeuLeuLysThrHisCysProLeuArgAlaAlaValThr 420 



CCAGCAGCCGGTGTCTGTGCCCGGGAGAAGCCCCAGGGCTCTGTGGCGGCCCCCGAGGAG 1 320 
ProAlaAlaGlyValCysAlaArgGluLysProGlnGlySerValAlaAlaProGluGlu 440 



GAGGACACAGACCCCCGTCGCCTGGTGCAGCTGCTCCGCCAGCACAGCAGCCCCTGGCAG 1 380 
GluAspThrAspProArgArgLeuValGlnLeuLeuArgGlnHisSerSerProTrpGIn 460 



GTGTACGGCTTCGTGCGGGCCTGCCTGCGCCGGCTGGTGCCCCCAGGCCTCTGGGGCTCC 1 440 

ValTyrGlyPheValArgAlaCysLeuArgArgLeuValProProGlyLeuTrpGlySer 480 

A(KHA(MmCGC(mTCCT(aG(WM^^ 1500 Fig. IB 

ArgHisAsnGluArgArgPheLeuArgAsnThrLysLysPhelleSerLeuGlyLysHis 500 
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GCCAAGCTCTCGCTGCA6GA6CTGAC6TGGAAGATGA6CGTGCGGG6CTGC6CTT6GCTG 1 560 
AlaLysLeuSerLeuGlnGluLeuThrTrpLysMetSerValArgAspCysAlaTrpLeu 520 



CGCAGGAGCCCAGGGGTTGGCTGTGTTCCGGCCGCAGAGCACCGTCTGCGTGAGGAGATC 1620 
ArgArgSerProGlyValGlyCysValProAlaAlaGluHisArgLeuArgGluGluIle 540 



CTGGCCAAGTTCCTGCACTGGCTGATGAGTGTGTACGTCGTCGAGCTGCTCAGGTCTTTC 1680 
LeuAlaLysPheLeuHisTrpLeuHetSerValTyrValValGluLeuLeuArgSerPhe 560 



TTTTATGTMCGGAGACCACGTnCAAMGMCAGGC^ 1740 
PheTyrValThrGluThrThrPheGlnLysAsnArgLeuPhePheTyrArgLysSerVal 580 



TGGAGCAAGTTGCAAAGCATTGGAATCAGACAGCACTTGAAGAGGGTGCAGCTGCGGGAG 1800 

TrpSerLysLeuGlnSerlleGlylleArgGlnHisLeuLysArgValGlnLeuArgGlu 600 



CTGTCGGAAGCAGAGGTCAGGCAGCATCGGGAAGCCAGGCCCGCCCTGCTGACGTCCAGA 1860 
LeuSerGluAlaGluValArgGlnHisArgGluAlaArgProAlaLeuLeuThrSerArg 620 



CTCCGCTTCATCCCCAAGCCTGACGGGCTGCGGCCGATTGTGAACATGGACTACGTCGTG 1920 
LeuArgPhelleProLysProAspGlyLeuArgProIleValAsnMetAspTyrValVal 640 



GGAGCCAGAACGTTCCGCAGAGAAAAGAGGGCCGAGCGTCTCACCTCGAGGGTGAAGGCA 1980 
GlyAlaArgThrPheArgArgGluLysArgAlaGluArgLeuThrSerArgValLysAla 660 



CTGTTCAGCGTGCTCAACTACGAGCGGGCGCGGCGCCCCGGCCTCCTGGGCGCCTCTGTG 2040 
LeuPheSerValLeuAsnTyrGluArgAlaArgArgProGlyLeuLeuGlyAlaSerVal 680 



CTGGGCCTGGACGATATCCACAGGGCCTGGCGCACCTTCGTGCTGCGTGTGCGGGCCCAG 21 00 
LeuGlyLeuAspAspIleHisArgAlaTrpArgThrPheValLeuArgValArgAlaGIn 700 



GACCCGC(XiCCTGAGCTGTACTTrGTCMGGTGGATGTGACGGGCGCGTACGACACCATC 21 60 
AspProProProGluLeuTyrPheValLysValAspValThrGlyAlaTyrAspThrlle 720 



CCCCAGGACAGGCTCACGGAGGTCATCGCCAGCATCATCAAACCCCAGAACACGTACTGC 2220 
ProGlnAspArgLeuThrGluVallleAlaSerllelleLysProGlnAsnThrTyrCys 740 

GTGMTCGGTATGCCGTGGTCCAGAAGGCCGCCCATGGGCACGTCCGCAAGGCCTTCMG 2280 Fig, 1C 




ValArgArgTyrAlaValValGlnLysAlaAlaHisGlyHisValArgLysAlaPheLys 760 
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AGCCAC6TCTCTACCTTGACAGACCTCCAGCCGTACATGCGACA6TTC6TGGCTCACCTG 2340 

SerHisValSerThrLeuThrAspLeuGlnProTyrMetArgGlnPheValAlaHisLeu 780 



CAGGAGACCAGCCCGCTGAGGGATGCCGTCGTCATCGAGCAGAGCTCCTCCCTGAATGAG 2400 
GlnGluThrSerProLeuArgAspAlaValVallleGluGlnSerSerSerLeuAsnGlu 800 



GCCAGCAGTGGCCTCTTCGACGTCTTCCTACGCTTCATGTGCCACCACGCCGTGCGCATC 2460 
AlaSerSerGlyLeuPheAspValPheLeuArgPheMetCysHisHisAlaValArglle 820 



AGGGGCAAGTCCTACGTCCAGTGCCAGGGGATCCCGCAGGGCTCCATCCTCTCCACGCTG 2520 
ArgGlyLysSerTyrValGlnCysGlnGlylleProGlnGlySerlleLeuSerThrLeu 840 



CTCTGCAGCCTGTGCTACGG(^CATGGAGMCAAGCTGTTTGCGGGGATTCGGCGGGAC 2580 
LeuCysSerLeuCysTyrGlyAspMetGluAsnLysLeuPheAlaGlylleArgArgAsp 860 



GGGCTGCTCCTGCGTnGGTGGATGATTTCTTGTTGGTGACACCTCACCTCACCCACGCG 2640 
GlyLeuLeuLeuArgLeuValAspAspPheLeuLeuValThrProHisLeuThrHisAla 880 



AAAACCTTCCTCAGGACCCTGGTCCGAGGTGTCCCTGAGTATGGCTGCGTGGTGAACTTG 2700 
LysThrPheLeuArgThrLeuValArgGlyValProGluTyrGlyCysValValAsnLeu 900 



CG^GACAGTGGTGMCnCCCTGTAGAAGACGAGGCCCTGGGTGGCACGGCTTTTGTT 2760 
ArgLysThrValValAsnPheProValGluAspGluAlaLeuGlyGlyThrAlaPheVal 920 



CAGATGCCGGCCCACGGCCTATTCCCCTGGTGCGGCCTGCTGCTGGATACCCGGACCCTG 2820 
GlnMetProAlaHisGlyLeuPheProTrpCysGlyLeuLeuLeuAspThrArgThrLeu 940 



GAGGTGCAGAGCGACTACTCCAGCTATGCCCGGACCTCCATCAGAGCCAGTCTCACCTTC 2880 
GluValGlnSerAspTyrSerSerTyrAlaArgThrSerlleArgAlaSerLeuThrPhe 960 



MCmGGCnCMGGCTGGGAGGAACATGCGTCGCAAACTCmGGGGTCTTGCGGCTG 2940 
AsnArgGlyPheLysAlaGlyArgAsnMetArgArgLysLeuPheGlyValLeuArgLeu 980 



AAGTGTCACAGCCTGTTTCTGGATTTGCAGGTGAACAGCCTCCAGACGGTGTGCACCAAC 3000 

LysCysHisSerLeuPheLeuAspLeuGlnValAsnSerLeuGlnThrValCysThrAsn 1000 

• • • • • • 

ATCTACAAGATCCTCCTGCTGCAGGCGTACAGGTTTCACGCATGTGTGCTGCAGCTCCCA 3060 Fig* ID 

IleTyrLysIleLeuLeuLeuGlnAlaTyrArgPheHisAlaCysValLeuGlnLeuPro 1 020 
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TTTCATCAGCMGTTrGGMGMCCCCACATTTTTCCTSCGCGTCATCTCTGACACGGCC 31 20 
PheHisGlnGlnValTrpLysAsnProThrPhePheLeuArgVallleSerAspThrAls 1040 



TCCCTCTGCTACTCCATCCTGAAAGCCAAGAACGCAGGGATGTCGCTG6GGGCCAAGGGC 31 80 
SerLeuCysTyrSerlleLeuLysAiaLysAsnAlaGlyHetSerLeuGlyAlaLysGly 1060 



GC(X3(X;GGCCCTCT(K;CCTCCGAGGCCGTGCAGT(MCTGT(M;W(mGCAnCCTGCTC 3240 
AlaAlaGlyProLeuProSerGluAlaValGlnTrpLeuCysHisGlnAlaPheLeuLeu 1 080 



AAGCTGACTCGACACCGTGTCACCTACGTGCCACTCCTGGGGTCACTCAGGACAGCCCAG 3300 
LysLeuThrArgHisArgValThrTyrValProLeuLeuGlySerLeuArgThrAlaGln 1100 



ACGCAGCTGAGTCGGAAGCTCCCGGGGACGACGCTGACTGCCCTGGAGGCCGCAGCCAAC 3360 

ThrGlnLeuSerArgLysLeuProGlyThrThrLeuThrAlaLeuGluAlaAlaAlaAsn 1 120 

CCGGCACTGCCCTCAGACTTCAAGACCATCCTGGACtgatggccacccgcccacagccag 3420 

ProAlaLeuProSerAspPheLysThrlleLeuAsp 1 132 

Gccgagagcagacaccagcagccctgtcacgccgggctctacgtcccagggagggagggg 3480 

Cggcccacacccaggcccgcaccgctgggagtctgaggcctgagtgagtgtttggccgag 3540 

gcctgcatgtccggctgaaggctgagtgtccggctgaggcctgagcgagtgtccagccaa 3600 

gggctgagtgtccagcacacctgccgtcttcacttccccacaggctggcgctcggctcca 3660 

ccccagggccagcttttcctcaccaggagcccggcttccactccccacataggaatagtc 3720 

catccccagattcgccattgttcacccctcgccctgccctcctttgccttccacccccac 3780 

catccaggtggagaccctgagaaggaccctgggagctctgggaatttggagtgaccaaag 3840 

gtgtgccctgtacacaggcgaggaccctgcacctggatgggggtccctgtgggtcaaatt 3900 

ggggggaggtgctgtgggagtaaaatactgaatatatgagtttttcagttttgaaaaaaa 3960 

aaaa 3964 



Fig. IE 
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Euplotes 1 
HT1 1 
EST2 1 



1 - - - -HEVDW)NQAflNHGIHS4LKTCEEIKE7y(TZ.rSWJ0KVIRCff- -NOSQSHWfDIEBIfC 

1 RRLGIWMQRGDPAAFI^Vm 

1 — — - MKIZ.FEF/QDKLDID- - L<7TWSTWfEN/.KCG 



Euplotes 56 IFAQTMVA7TOYNEEDFKVJM-- EVFSTGLMiai/TKaVEaSSSDVSDRQKLQCFGFQLKGMJ-LAK 

HT1 80 RGGPPEAFTRVRSYUWTVTIMLRGSG^ - -QVCGPPLYQLGAATQA 

EST2 30 HFNGI_DEILTT-CFAi/WSRKX4Z.P — CLPGDLSHKAVIDHniYUTCELYNN— VLTF6YKIARWEDVNN 



Euplotes 126 THLLTALSTQKQYFFQDEIiWRAMIG^ 

HT1 157 J^PP/WSGPRR(^6CER4JWHSVRE^PtGLPAPGARl^GGSASRSLPLPKRPR^^ 

EST2 97 SLFCWSANVNVT/lKfMfKMTOLV^AFM 



Euplotes 206 PRCCSTCKYMV/CNEKDHFUKNI NVPNWMNHKSRTRIFKCTHFAfRNNOFF 

HT1 237 PSDRGFCVVSPARPA£EA7SLEGALS6TRHSHPSVGRQHHAGPPSTSRPPRPWDT/^PPVYAET/fHFiy^ 

EST2 169 — -SATAAQIKQLTEPV7N - - -/fQFLHKLNIAf-SSSFF 



Euplotes 255 KKHEFVSNKNNISAM-DRAQriFTNI — F/^fWIRKKIOCVIEKIAYMLEKVICDF/lffNYYiTKSCPZ.PFNWRE 

HT1 315 /mLSSLRPSLTGA^VETIftGSRPlTOPMLPfl^ 

EST2 200 FYSKI LPSSSS/KKLTDLRFA7FP mVK;/W^INLTLQKLiKRWfWVSENSIC/ 3 PLfGT-- 

Telomerase domain 

Euplotes 326 RK Qff I EN£ I NKTREEKS- - KYYEEIFSYTTDNKC ITrQF/NEFF7NIiiWRTGR-/VRKhFGXKVA?nfVEX WWE 

HT1 394 AAGVCARECTQGSVAAPEEEIJTTO 

EST2 268 VLDtSHLSWQ SPKER^KFnVRQKIi/WGSKl^^ 



Euplotes 398 LIHKNLIIE/f I NTREISWMQVET- SAKHFYYFDHEWI YVLWW.LIWIFED1 J/^F>17EQQKSYSKTY107WfNIW 
HT1 474 K/.SLQELMHSV/WZ.raV(nPAAEH^ 
EST2 324 YLPFDSUKKLRlWMFISD-IlFrKHItf^^ 



Euplotes 477 DVIMKMSJAOLK^-ET^QEKEI^EWKKSL-GFAIW/aJPWnT^ -fTPIHTFNKKI VNSDRK- -nM-TTNTXll 
HT1 554 SttQSIGIRQHUCRVQLRELSEAFIfl^^ 

EST2 401 N/fl. ITPF JVEY F/f -TYLVFNNVCRNHMS YTLS - NFNHS/fMf?I IRWTSNN EFRI JAI PCRGAOEEEFT — I Y/CENHKNAIQ 



Motif 1 Motif2 



Fig. 2A 
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Motif A 

Euplotes 551 NSHIimtK^/IMIWFffAFN^^ 

HTl 632 ALFSViNft^--RltfASKLGlMH^ 

EST2 477 nKUEWJWIOBT^ 



Euplotes 629 DFWIMTAQI LKRKJVNI nDSK/VFRKKEMKDYFRQKFQKIALE W 

HTl 710 TYCKRRYAWQKAAHGHVRKAFKSHVS TLTDLQPYMRQFVAHLf?E73PtRDAV WEQSSSLWEASSG 

EST2 556 GFFJRSQYFFN-WTfil'LKLF/IIVVN A- -SRVPKPYELYIDNVR7VHLSNQDK/NW- EMEI/7TT- 

Motif B Motif C 

Euplotes 708 NLLfPHNICQYNYINIWFWn^ 

HTl 777 LFDVFUUT1CHHAVRIR-^S)^(?(W/^IiSTU(^t CKGDMEN- - -KLF4GIRR0 GLLUMDDIWT 

EST2 616 --ALWITCDKCYIR EDfiLFOfiSStSAPIVDiVKDDLLfFYSEfMSPSQD TiUKtADOFlI/S 

Motif D Motif E 

Euplotes 788 7XJENN^KLFIEA0.INVSR£NfflTCFAfMK/in.QTW/.SPSKFAKYGMDSVEEQNIW 
HTl 847 PHLTtMKTHJCTAVRWPEYGCVV^^ 

EST2 677 TM-QVKMUMG- - --SFQKYNAACANRDKIiAVS SOSDDDTIi' IQFCAMHI FVKEif l/WKHSSTMW- - - 



Euplotes 868 EGJLCTIMJIIM(FKKASM11^ 

HTl 924 TSJRASLT/^GFKAGRNMRRKLFGVLR^ 

EST2 741 AWIIMS$----/rGIfltfaALro7RISY^ 



Euplotes 946 SSMIDLEVSKJ/KSVTMFKYLVCNI^IFGEEHYPDTO 
HTl 1004 FUWSDTASLCySIUWKI^LGAKW 

EST2 808 NMQFHSFLQRJIEMTVSG — CPITKCOPLIEYfVR- -FTI - -/.N6FL£SLSSMTSKF-KDNI JLLRKEI (JHLQAYIYI 



Euplotes 1026 LIQYDA 

HTl 1083 TLTALEAAANPALPSDFKTILD 
EST2 879 Y7HIVN 



Fig. 2B 
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3 EST 

Reverse transcriptase domain 



V 1 2 



aa 500 




8 C \ *3'UT 



1 a 



||j Exon(s) deleted 

KS] Exon(s) inserted 

^ or unspliced intron 

[] Non-coding 

* Stop codon 
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ao 1104 
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binding site 
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222 223 
Y 5 1 -CCAGGTG | ggcctc gcaggtg | TCCTGCC-3 * 

1950 1952 

1 5' -AAA6A6G|GTGGCTG AACA6AA|GCCGAGC-3' 

2130 2167 
a 5 1 -TGTCAAG | gtggatg cccccag | GACAGGC- 3 1 

2286 2468 
p 5' -GAGCCAC|gtctcta ggggcaa|GTCCTAC-3' 

2843 2844 

2 5 ' - ACTCCAG | GTGAGCG XXXXXXX|CTATGCC-3' 

3157 

3 5 1 -AACGCAG | CCGMGAAMCATTTCTGTCGTGACTCCTGCGGTGCTTGGGTCGGGACAGCCAGAGATGG 

T A A EENILVVTPAVLGSGQPEHE 

AGCCACCCMCAG^(KXjTCGGGTGTGGGCAGCTnCCGGTGTCTCCTGGGAGGGGAGTTG 
PPRRPSGVGSFPVSPGRGVG 

3158 

GGCTGGGCCTGTGACTCCTCAGCCTCTGTTTTCCCCCAG | GGATGTC-3 1 
L G L * 



Fig. 7C 
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sequence "Y° 104-105 bases 

GGCCTCCCC6GGGTCGGCGTCCGGCTGGGGTT6AGGGC6GCCG6GGGGAACCAG 
GlyLeuProGlyValGlyValArgLeuGlyLeuArgAlaAlaGlyGlyAsnGln 
AlaSerProGlySerAlaSerGlyTrpGly * GlyArgProGlyGlyThrSer 
ProProArgGlyArgArgProAlaGlyValGluGlyGlyArgGlyGluProAla 

CGACATGCGGAGAGCAGCGCAGGCGACTCAGGGCGCTTCCCCCGCAGGTG 
ArgHisAlaGluSerSerAlaGlyAspSerGlyArgPheProArgArg 
AspMetArgArgAlaAlaGlnAlaThrGlnGlyAlaSerProAlaGly 
ThrCysGlyGluGlnArgArgArgLeuArgAlaLeuProProGlnVal 

sequence "1" 38 bases 

GTGGCTGTGCTTTGGTnAACnCCTTTTTAACCAGAA 

ValAlaValLeuTrpPheAsnPheLeuPheAsnGlnLys 



sequence "*" 36 bases 

GTGGATGTGACGGGCGCGTACGACACCATCCCCCAG 

ValAspValThrGlyAlaTyrAspThrlleProGln 



sequence "*" 182 bases 

GTCTCTACCTTGACAGACCTCCAGCCGTACATGCGACAGTTCGTGGCTCACCTG 
ValSerThrLeuThrAspLeuGlnProTyrMetArgGlnPheValAlaHisLeu 

CAGGAGACCAGCCCGCTGAGGGATGCCGTCGTCATCGAGCAGAGCTCCTCCCTG 
GlnGluThrSerProLeuArgAspAlaValVallleGluGlnSerSerSerLeu 

AATGAGGCCAGCAGTGGCCTCTTCGACGTCTTCCTAC6CTTCATGTGCCACCAC 
AsnGluAlaSerSerGlyLeuPheAspValPheLeuArgPheMetCysHisHis 

GCCGTGCGCATCAGGGGCAA 
AlaValArglleArgGlyLys 



partial sequence "2" unknown length 
GTGAGCGCACCTGGCCGGAAGTGGAGCCTGTGCCCGGCTGGGGCAGGTGCTGCTGCAG 
Ter 

GGWICGnGCGTCCACCTCTGCTTCCGTGTGGGGCAGGCGACTGCCMTCCCAAAGGGT 
CAGATGCCACAGGGTGCCCCTCGTCCCATCTGGGGCTGAGCACAAATGCATCTTTCTG 
TGGGAGTGAGGGTGCCTCACMCGGGAGCAGTTTTCTGTGCTATTTTGGTAA- 



Fig. 10A 
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sequence "3" 159 bases 

CCGAA6AAAACATTTCTGTCGTGACTCCT6CGGT6CTTG6GTC6GGACAGCCA6AG 
AlaGluGluAsnlleSerValValThrProAlaValLeuGlySerGlyGlnProGlu 

ATGGAGCCACCCCGCAGACCGTCGGGTGTGGGCAGCTTTCCGGTGTCTCCTGGGAGG 
HetGluProProArgArgProSerGlyValGlySerPheProValSerProGlyArg 

GGAGTTGGGCTGGGCCTGTGACTCCTCAGCCTCTGTTTTCCCCCAG 
GlyValGlyLeuGlyLeu * 



sequence "X* unknown length 

-GACAGTCACCAGGGGGGTTGACCGCCGGACTGGGCGTCCCCAGGGTTGACTATAGGA 
CCAGGTGTCCAGGTGCCCTGCAAGTAGAGGGGCTCTCAGAGGCGTCTGGCTGGCATGG 
GTGGACGTGGCCCCGGGCATGGCCTTCTGCGTGTGCTGCCGTGGGTGCCCTGAGCCCT 
CACTGAGTCGGTGGGGGCTTGTGGCTTCCCGTGAGCTTCCCCCTAGTCTGTTGTCTGG 
CT6AGCMGCCTCCTGAGGGGCTCTCTATTG 



partial sequence of genomic intron (approximately 2.7 kb) 
GTGGCTGTGCmGGmMCnCCTTTnMCCAGAAGTGCGrrTGAGCCCCACAn 
TGGTATCAGCTTAGATGAAGGGCCCGGAGGAGGGGCCACGGGACACAGCCAGGGCCAT 
GGCACGGCGCCCACCCATTTGTGCGCACAGTGAGGTGGCCGAGGTGCCGGTGCCTCCA 
GAAAAGCAGCGTGGGGGTGTAGGGGGAGCTCCTGGGGCAGGGAC. . . . 



Fig. 10B 
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N- terminal truncated telomerase 

ATGCCG(OTT(OT 

HPRAPRCRAVRSLLRSKTREVLPLATFV 

(mGCCTGGfiGTOGGGCTGG^ 

R B L G P Q G W R L V 0 R G D P A A F R A L V A Q C L V C V P ffi D A R P P P A A 

CO!CTrcCGC^ 

P S F R Q V S C L K E L V A R V L Q R L C E R G A K H V L A F G F A L L 0 G A R 

CGGGGGCITOW 

G G P P E A F T T 8 V R 8 Y I P N T V T D A L B 6 S G A W G L L L R R V G D D V 

GCTGGnWTOTGG(mTG»T^^ 

IVHLLARCALFVLVAPSCAYQVC6PPLYQIGAATQARPPP 

AWTAGTGGAKCCGAAGGCGTCTOT 

HASGPRRRLGCERAWNHSVREA6VPL6LPAP6ARRRG6SA 
CAGttGAAGTCTGCC^^ 

SRSLPLPKRPRRGAAPEPERTPVGQGSSAHP6RTRGPSDR 

■ • - i ■ i t , | , a | | 

TGGTTTC1GTGTGGTGT(MT(^^ 

G F C V V S P A R P A E E A T S L E G A L S G T fl H S H P S V G R Q H H A 6 P P 
ATCCACATC()fl5()CCA^ 

STSRPPBPWDTPCPPVYAETKHFLYSSGDKEQLRPSFLLS 

• ••■•■•■•■•a 

C1XTGTGA6GCCCAGCCT6ACTGGCGCTCGGAGGCTCG1CKW 

SLRPSLT6ARRLVETIFLGSRPWUPGTPRRLPRLPQRYWQ 
AAlGCGGCCCflTiTO 

y R P L F L E L L G N H A Q C P Y G V L I K T H C P L R A A V T P A A G V C A R 

GGAGWSimGGGCTCM 

E K P Q G S V A A P E E E D T D P R R L V 0 L L R 0 H S S P » Q V Y G F Y R A C 

CCTGCGCCGGCM^ 

LRRLVPPGLVGSRHNERRFLRHTKKFISLGKHAKLSLQEL 

GA(MlAWGAG(£TGra 

T I K R S V R 0 C A W L R R S P G V G C V P A A E H R L R E E I L A K F L H W L 

GATGWTGTGTACGTCGTCGOGt^^ 

y 8 V Y Y V E L L R S F F Y V T E T T F Q K N R I F F Y R K S V I 8 K L Q S I G 
MT--M--GACAGTraG^^ 



CAT<MG6AG6TGI]Cra 

6CTGAGCAAGCCTCCT6AGQ66CTCTCTATTCL Fig. 1 1A 

SUBSTITUTE SHEET (RULE 26) 



WO 99/01560 



PCT/US98/13835 



19/68 
Truncated protein 1 

****»fiiiiii 

MPRAPRCRAVRSLLRSHTREVLPLATFV 

CGGOTmmGGGCTIW 

R R L G P 0 G i? R L V Q R G D P A A F R A L V A Q C L V C V P » D A R P P P A A 

OTKHimCAGGTGTCCTIETGAAWTGfiTGffl 

PSFRQVSCLKELVARVLQRLCERGAKHVLAF6FALLD6AR 

' • « * « i t ■ ■ i i * 

CGGGG(OTMAG6CCTTC^ 

G G P P E A F T T S V R S Y L P N T V T D A L R G S 6 A H G L L L R R V G D D V 

■•••••tit... 

6CTGGTTWCCTGCTGfittCffl^6(Sre^ 

I V H L I A R C A L F V L V A P S C A Y Q V C G P P L Y Q L G A A T 0 A R P P P 

AWTAGTGGACCCCIMTCTGGW 

H A S G P R R R L G C E R A « N H S V R E A G V P L G L P A P G A R R R G G S A 

•'••••••till 

CAGCCGAAGTITOjTTO 

SRSLPLPKRPRRGAAPEPERTPVGQGSKAHPGRTRGPSDR 

TGGTTTCTCT6TGGTOTCACCTGCCACMC(X^ 

G F C V V S P A R P A E E A T S L E 6 A L S 6 T R H S H P S V G R Q H H A 6 P P 

■•••••■■ttii 

AnmTCGCGGfmCACGTOlM 

STSRPPRPIOTPCPPYYAETKHFLYSSGOKEQLRPSFLLS 

• •■•ttitttii 

CTCTCTGAGGCCCAGCCTOACTGGCGCTCC^/UiGC^^ 

SLRPSLTGARRLVETIFLG8RPWHPGTPRRLPRLPQRYIQ 

' • • • * ■ a i i ■ I ■ 

MTGCGGCIXCTGnTin^^ 

II R P L F L E L L 6 N H A Q C P Y 6 V L L K T H C P L R A A V T P A A G V C A R 

• ■••tt.ittii 

GGAIiAAGCCKM^ 

E K P Q G S V A A P E E E D T D P R R I ¥ Q L L R Q H S S P B Q V Y G F V R A C 

• • I 1 I A . | I . . § 

CCTGITOTGGTGCCCCCAI^ 

LRRIVPPGLWGSRHNERRFLRNTKKFISLGKHAKLSLQEL 

•■■»ii. lit. i 

GACGTGGAAGATGAGIOT 

T « K y S V R 0 C A H L R R S P G V G C V P A A E H R L R E E I L A K F L H I L 

• ■••lit**.. ■ 

GATfMGTGTAMCIMTM 

I S V Y V V E L L R S F F Y V T E T T F 0 K » R L F F Y R K S V W S K L Q S I G 



Fig. 11B 
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• •t«tii«(iii 

MTCIIGIICWQlCTTUAfiA^^ 

IRQHLKRVQLRELSEAEVRQHREARPALLTSRLRFIPKPD 



GTGGCTGTGCTTTGGTTTAACTTCCTTTTTAACCAGAA 
VAVLBFTFLFNQK 

• • • i i ■ | • • * t i • 

CGGGCTG(M!GM^ 

GLRPIVHU0YVV6ARTFRREKR P S V S F R G * 



Fig. 11C 



Truncated protein 2 

■ ■■•■ttaiitt 

yPRAPRCRAVRSLLRSHTREVLPLATFV 
QEGCCTGfiGECWGGGCTGGCGGCTGGTGI^^ 

RRLGPOGWRLVQRGDPAAFRALVAQCLVCVPWDARPPPAA 
CtCCTCCniramTCCTGOTGAAM 

P S F R Q V S C L K E L V A R V L Q R l C E R G A K N V L A F G F A L L D G A R 

GGPPEAFTTSVRSYLPNTVTDALRGSGAIGLLtRRVGDDV 
KTGGTTCAIOTOTGGW 

L V H L L A R C A L F V L V A P S C A Y Q V C G P P L Y Q L 6 A A T Q A R P P P 

■ ■■■•■■■iiii 

H A 8 G P R R R L G C E R A » N H S V R E A G V P L G L P A P G A R R R G G 8 A 
SRSLPLPKRPRRGAAPEPERTPVGQGSWAHPGRTRGPSDR 

• » I i ■ « • t I I I • 

G F C V V S P A R P A E E A T S L E G A L 8 G T R H S H P S V G R Q H H A 6 P P 
ATtmTramMCCCTGGGACAOTGTC^ 

STSRPPRPWDTPCPPVYAETKHFLYSSGDKEQLRPSFLLS 



Fig. 11D 
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• •■■ • •«..■( • 
CTCTCTGAGGKM 

SLRPSLTGARRLVETIFLGSRPWVPGTPRRLPRLPQRYWQ 
II R P L F L E L L G N H A Q C P Y G V L L K T H C P L R A A V T P A A G V C A R 

■ ■•■iiiiiii* 

E K P Q G S V A A P E E E D T 0 P R R L V Q L L R Q H 8 S P I Q V Y G F V R A C 

llttllll»l»l 

LRRLVPPGLWGSRHNERRFLRHTKKFISLGKHAKLSLQEL 
M K V S V R 0 C A I L R R S P G V G C V P A A E H R L R E E I L A K F L H I L 

HSVYVVELLRSFFYVTETTFQKNRLFFYRKSVWSKLQSIG 
AAT(MAGCACTTG^ 

I R Q H L K R V D L R E L S E A E V R Q H R E A R P A L L T S R L R F I P K P D 
CIMjCGGCCGATO 

G L R P I V N M D Y V V G A R T F R R E K R A E R L T S R V K A L F S V L N Y E 

■ filltt**!** 

R A R R P G L L G A S V L G L D 0 I H R A I R T F V L R V R A 0 0 P P P E L Y F 

TGTC/MATGTO^^ 

V K V D V T G A Y D T I P 0 D R L T E V I A S I I K P 0 H T Y C V R R Y A V V Q 

« • ■ • ■ i § ■ » i i • 

KAAHGHVRKAFKS 

GTCCTACGTCCAGTG 
V L R P V 

CtoGGGGATCCTO 

P G D P A 6 L H P L H A A L Q P V L R R H G E Q A V C G D S A fi R A A P A F V G 
TfOTTCTMGCTIiACACCTM^ 

• ■ i i i • « i i ■ • • 



Fig. HE 
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Reference protein 

KetProArgAlaProArgCysArgAlaVaWrgSerLeuLeuArgSerHisTyrArgGlu 20 

GTGCTGCXGCTCGCCA03nCGTQ3GK^ 120 

ValLeuProLeaAlaThrPheValArgArgLet^lyProGlnGlyTrpArgLeuValGln 40 

wmmmmmmmimmimmmw in 

ArgfilyAspProAlaAlaPtieArgAlaLeuValAlaGlnCysLeuValCysValProTrp 60 

W(MMTOCOT 240 

AspMaA^ProProPr^aPi^erPheArgfilnValSerCysLeuLysGluLeii 80 

(TOGAGTGCTGtmGCTCTW 300 

ValAlaArgValLeufilnArgLeuCysGluArgGlyAlaLysAsnValLeuAlaPheGly 100 

PheAlaLeuLeuAspGlyAlaArgGlyGlyProProGluAlaPheThrThrSerValArg 120 

AGCTAKTISCCCWCA^^ 420 

SerTyrLeuProAsnThrValThrAspAlaLeuArgGlySerGlyAlaTrpGlyLeuLeu 140 

TTGC6CCGCCnBGGCGACGACGTGG7BGTT^^ 480 

UyArgArgValGlyAspAspValLeuValHisLeoLeuAlaArgCysAlaLeyPheVal 160 

CTGGTGGCTCCCAGCTGtmTACCAGGTGTOXm^ 540 

LeuValAlaProSerCysAlaTyrGlnValCysGlyProProLeuTyrGlnLeuGlyAla 180 

m^mm3xwmmtQmmmmm]fm boo 

AlaThrtlnAlaArgProProProHisAlaSerGlyPn^gArgArgLeueiyC^ 200 

WTGGAMMAM^ 660 

ArgAlaTrpAsnHisSerValArgGluAlaGlyValProLeuGlyLeuProAlaProGly 220 

«■•••* 

KSAGGAGGtEGGGGGCAGTGWMCGAAGTCT 720 

MaArgArgArgGlyGlySerAlaSerArgSerLeuProLeuProLysArgProArgArg 240 

t i i • ■ • 

GGCGCTGCCCCTGA^^ 780 

GlyAlaUaProGluProGluArgTtirfroVamyGlnGlySerTrpAl^ 260 

AGGAOTIMWTGAIXGTGGTTTCTGTGMGTWTGKMM^ 840 

ArgTtirAr^lyProSerAspArgGlyPtieCysValValSerProAlaArgProAlaGlu 280 

(M)CACCTCTTTG(iAG& 300 

GluAlaThrSerLeuGluGlyAlaLeuSerGlyThrArgHisSerHisProSerValGly 300 

mmmmmmmmmmmimiMtti 960 

ArgeinHisHisAlaGlyProProSerThrSerArgProProApgProTrpAspThrPro 320 
SUBSTITUTE SHEET (RULE 26) 
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mmm®hmmmmmmwwmmmHi 1020 

CysProProValTyrAlaGlyTtirLysHisPheLeuTyrSerSerGlyAspLysGlyGln 340 

LeuArgProSerPheLeuLeuSerSerLeuArgProSerLeuThrfilyAlaArgArgLeu 360 

. • • • * i 

mMmmtimmmmmimKmMjm 1140 

ValfiluThrllePheLeuSlySerArgProTr^tetProGlyThrProArgArgLeuPro 380 

CGCCTGKXWKT^ 1200 

ArgLeuProGlnArgTyrTrpGlnUetArgPraLeuPheLeiiGluLeuLeuGlyAsnHis 400 

gggkigo^^ 1260 

AlaGlnCysProTyrGlyValLeuLeuLysThrHisCysProLeuArgAlaAlaValThr 420 

mimmmimmmmmMmmmm 1320 

ProAlaAlaGlyValCysAlaArgGluLysProGlnGlySerValAlaAlaProGluGlu 440 

• • « ■ • » 

GluAspThr/tepProArgArgLeuValGlnLeuLeuAr^^sSerSerProTrp^ 460 

mimmymimmmfflmwmmittwm& 1440 

ValTyrGlyPheValArgAlaCysLeiiArgArgLeuValProProGlyLeuTrpGlySer 480 

mmmmmmmmmjmmimmj 1500 

ArgHisAsnGluArgArgPheLeuArgAsnTlirLysLysPhelleSerLeuGlyLysHis 500 

• * « • » • 

gccmgctctcgctgwgm;tgacgtg^ iseo 

AlaLysLeuSerLeuGlnBluLeuThrTrpLyslSetSerValArgAspCysAlaTrpLeu 520 

(^CAGGAG(MGGGGTTGGCTGTGnOT 1620 

ArgArgSerProGlyVaieiyCysValPraAlaAlaGiuHisArgLeuArgGluGluIle 540 

CTGWMGncc^ leno 

LeuAlaLysPtieLeuHisTrpLeulletSerValTyrValValGluLeuLeuArgSerPhe 560 

TTnATGTCM^GGAGACCACGTnCMAAfiAACAGG^ 1740 

PtieTyrValThrGloThrThrPheGlnLysAsnArgLeuPhePheTyrArgLysSerVal 580 

»»«••• 

lmmmwmimmmwmimtmm ieoo 

TrpSerLysLeuGlnSerlleOlylleArgGlnHisLeuLysArgValGlnleoArgQlu 600 

CTGTCGfMiy^ I860 

LeuSerGMaGluValArgGlnHisArgGluAlaArgProAlaLeuLeuIhrSerArg 620 

CTXTOTCCOIW^^ 1920 

LeuArgPhelleProLysProAspGlyLeuArgProIleValAsnltetAspTyrValVal 640 

SUBSTITUTE SHEET (RULE 26) 
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GlyAlaArgThrPheArgArgGluLysArgAlaGluArgLeuThrSerArgValLysAla 660 

LeuPheSerValLeuAsnTyrGluArgAlaArgArgProGlyLeuLeuGlyAlaSerVal 680 

(HGG(mGGimTAT(mGGG^ 2100 

LeimyLeutepAspIleHisArgAlaTrjiAi^TbrPtieValLeuArgValArgAlaGln 700 

GACCCGCCGMn^AGCTGTACTTTGTCMGGT^ 2160 

AspProProProGluLeuTyrPheValLysValAspValTtirGlyAlaTyrAspThrlle 720 

OCGKGK^^ 2220 

ProGlnAspArgLeuThrGluVallleAlaSerllelleLysProGlnAsnTlirTyrCys 740 

GTGCGTCGGTATGIW 2280 

ValArgArgTyrAlaValValGlnLysAlaAlaHisGlyHisValArgLysAlaPheLys 760 

SerHisValSerTtirLeuThrAspLeuGlnProTyrlietArgOlnPheValAlaHisLeu 780 

GlnGluTtirSerProLeiiArgtepAlaValVallleGluGlnSerSerSerLeuAsnGly 800 

GtMTGG(XTCTT«TTOM 2460 

AlaSerSerGlyLeuPtieAspValPheLeuArgPhelletCysHisHisAlaValArglle 820 

mmmmmmmmmmi^mmmm^ 2520 

ArgGlyLysSerTyrValGlnCysGlnGlylleProGlnGlySerlleLeuSerThrLeu 840 

CTCTGGAGCCTGTGC7A(^^ 2580 

LeuCysSerLeuCysTyrGlyAspitetGliiAsniysLeyPheAlaGlylleArgArgAsp 860 

IMmTGCGTTTCGTG^^^ 2640 

GlyLeoLeoLeuArgLeuVaJAspAspPheLeuLeuValTlirProHisLeuTtirHisAla 880 

AMAGGTTCCTI^^ 2700 

LysThrPheLeuArgThrLeuValArgGlyValProGluTyrGlyCysValValAsnLeu 900 

CGGAAGAWGTGAAmca^^^ 2760 

ArgLysThrValValAsnPheProValGluAspGIuAlaLeuGlyGlyThrAlaPheVal 920 

(MraM^ATTtmmW 2820 

GlnltetPi^aHisGlyLeuPlieProTrpCysGlyLeuLeuLeiJAspTtirArgThrLeu 940 

GAGGI6CAGMIMTAC10CAGCTATGCCCW 2880 

GluValGlnSerAspTyrSerSerTyrWaArgThrSerlleArjAlaSerLeuThrPlie 960 



PCT/US98/13835 



Fig. 11H 
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AACGiCGGCTTCA^ 2940 

AsnArgGlyPheLysAlaGlyArgAsnlletArgArgLysLeuPheGlyValleiiArgLeu 980 

WCA&AGCCTGMTGOATTTG(^W 3000 

LysCysHisSerLeuPheLeuAspLeuGlnValAsnSerLeuGlnThrValCysThrAsn 1000 

kmmrnm®mmimmmkmmimim 3060 

IleTyrLysIleLeuLeuLeuGlnAlaTyrArgPtieHisAlaCysValLeuGlnLeuPro 1020 

TTTWTCAGC™^ 3120 

PheHisGlnGlnValTrpLysAsnProTfirPhePheLeuArgVallleSerAspThrAls 1040 

SerLeuCysTyrSerlleLeuLysAlaLysAsnAlaGlyyetSerLeuGlyAlaLysGly 1060 

AlaAlaGlyProLeuProSerGluAlaValGlnTrpLeuCysHisGlnAlaPliDLeuLeu 1080 

AAQCTGACTCGACACCGTETrCACCTACGTCt^ 3300 

LysLeuThrArgHisArgValThrTyrValProLeuLeuGlySerLeuArgThrAlaGIn 1100 

TtirGlnLeuSerArgLysLeoProGlyThrTtirLeuTfirAlaLeuGluAlaAlaAlaAsn 1120 

• • « 

ProAlaLeuProSerAspPheLysTltrlleLeuAsp 1132 



Fig. Ill 
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ATGCCGCGCGCT($^ 

HPRAPRCRAVRSLLRSHTREVLPLATFV 



!CTGGTG(M(EGGG6OjG0j^^ 

R R L G P Q G V R L V Q R G 0 P A A F R A L V A fl C L V C V P R D A R P P P A A 



(OTTccraMim^ 

P S F R 0 V S C L K E L V A R V L Q R L C E R G A K N V L A F G F A L L 0 G A R 



G G P P E A F T T S V R S Y L P N T V T D A L R G S G A W G L L L R R V G D D V 



L V H L L A R C A L F V L V A P S C A Y Q V C G P P L Y 0 L G A A T Q A R P P P 

• ■ • • * • • I ■ ■ I i 

ACACGCTAGTGIMCCGAAGGOT^ 

H A S G P R R R L G C E R A V N H S V R E A G V P L G L P A P G A R R R 6 G S A 

S R S L P L P K R P R R G A A P E P E R T P V G 0 G 8 I A H P G R T R G P S D R 

TGGTMGTGMGTCAIX^ 

G F C V V S P A R P A E E A T S L E G A L S G T R H 3 H P S V G R Q H H A G P P 
ATCCACATCGCG^^ 

STSRPPRPW0TPCPPVYAETKHFLY88GDKEQLRPSFLLS 

CTCTCTGAGGftCAG^ 

SLRPSLTGARRLVETIFLGSRPBHPGTPRRLPRLPQRYBQ 
MTGCGGCCCCTGTT^ 

I R P L F L E L L 6 N H A Q C P Y 6 V L L K T H C P L R A A V T P A A G V C A R 

titttiiiitii 

E K P Q G S V A A P E E E D T D P R R L V Q L L R Q H S S P R Q V Y G F V R A C 

» • * • i i • i i i • i 

(OTGG3CCGGC1M 

LRRLVPPGLW6SRHNERRFLRHTKKFISLGKHAKLSLQEL 

tiii«ai« a iii 

GACGTGGAAGATGAIM^ 

TWKUSVRDCAWLRRSPGV6CVPAAEHRLREE I LAKFLHWL 
GAlWGTGTACIiTCGT^ 

MSVYVVELLRSFFYVTETTFQKNRLFFYRKSVWSKLQSIG 



Fig. Ill 
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AATCAGACAG(^^ 

IRQHLKRVQLRELSEAEVRQHREARPALLTSRLRFIPKPD 

• III II »*•■•• 

OJGGCTGCGGCawnGTimTGGACTAMM 

GLRPIVHVDYVVGAR T F RREKRAERLTSRVKALFSVLHYE 

RARRP6LL6ASVLGLDDIHRAWRTFVLRVRAQDPPPELYF 

TGOfCUGGT^TGTGACGGGCGCGTACGACAIXM 

V K V D V T G A Y 0 T I P Q D R L T E V I A S I I K P Q N T Y C V R I Y A V V Q 

<■!■■■ Ilflil 

(MSGCCGOTGGGC^^ 

KAAKGHVRKAFKSHVSTLTDLQPYURQFVAHLQETSPLRD 
TGCffiTCGTWTMiAKmTCra 

A V V I £ Q S S S L N E A S S G L F D V F L R F I C H H A V R I R 6 K S Y V D C 

l • ■ • • t t ■ • « i ■ 

QGIPQGSILSTLLCSLCYGDHENKLFAGIRRDGLLLRLVD 

■ tiiffiiisai 

TCATTTCTlGTTCGnjAC^ 

DFtLVTPHLTHAKTFLRTLVRGVPEYGCVVNlRKTVVNFP 
TGTAGAAGAGGAm 

V E 0 E A L G G T A F V Q V P A H G L F P W C 6 L L L D T R T L E V 0 S D Y S R 
GTIMCCTGGCW^ 

ft 



TtmCATOCCCTCGTCCCATCT^ 



Fig. UK 
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Altered C-terminus protein 

■ i • i i * » i • i • • 

ATGCCGCGtt^ 

y P R A P ft C R A V R S L L I 8 K T R E V I P L A T F V 

■ ittiittiii 1 

(ffiECTGGGGiraOTGGCra 

ft R L G P 0 G » ft L V Q R G 0 P A A F ft A L V A Q C L V C V P V D A R P P P A A 

(••■((■•lit! 

P S F R 0 V S C L K E L V A R V L 0 R L C E R G A K N V L A F G F A L L D G A R 
OGGGTOCCCI^^ 

6 G P P E A F T T S V R S Y L P N T V T D A L R G S G A » 6 L L L R R V G D D V 

GMOTGCTGIM^ 

LVHLLARCALFVLVAPSCAYQVCGPPLYQLGAATQARPPP 
AMAGTGimaSMGI^ 

HASGPRRRLGCERANNHSVREAGVPL6LPAPGARRRGGSA 
GAGCCGAAGTintt^^ 

SRSLPLPKRPRR6AAPEPERTPVGQGSWAHPGRTR6PSDR 

• ■•■•■iitit* 

TGGTnCTGTGMGTC^TGCCAG^ 

G F C V V S P A R P A E E A T S L E G A L S 6 T R H S H P S V G R Q H H A G P P 
ATOT(^GCWOTCCCTGG(MOT 

STSRPPRPWDTPCPPVYAETKHFLYSS6DKEQLRPSFLLS 

^TCTGAGGOmmGG^^ 

SLRPS LTGARRLVETIFLGSRPWUP6TPRR LPRLPQRYWQ 

MTGCGGCCCCTGTnCT^^ 

y R P l F L E L L G ft H A Q C P Y G V L L K T H C P L R A A V T P A A G V C A R 

GGAGMGCKCAGGGCTC^ 

E K P 0 G 8 V A A P E E E 0 T D P R R L V Q L L R Q H S 3 P » 0 V Y G F V R A C 

• ■ ■ » i ■ ■ * ■ ■ » • 

KTGCGCCGGCTGGTGOT 

LRRLVPPGLWG8RHNERRFLRNTKKFISLGKHAKLSLQEL 

■ f ■ i ■ • i i • t i • 

GAIMMGATGAGOTGGGIW 

T W K V S V R D C A V L R R S P G V G C V P A A E H R L R E E I L A X F L H V L 

foTGAGTGTGTA(OTCGAGCTG« 

U S V Y V V E L L R 8 F F Y V T E T T F Q K ft R L F F Y R K S V W 8 K L 0 S I G 

MT(M!AGCACnGAAGAGGGTM 

IRQHLKRVQLR ELSEAEVRQHR EARPALLTSRLRFIPKPD 

Fig. 11L 
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GGGGCTGCGGM^^ 

G L R P I V N y D Y V V G A R T F R R E K R A E R L T S R V K A L F S V L N Y E 

(■■■•■••tit* 

R A R R P G L L G A 5 V L G L D D I H R A V R T F V L R V R A Q D P P P E L Y F 



MMOTGGATGTGACGG^^ 

V K V D V T G A Y 0 T I P Q D R L T E V I A S I I K P Q H T Y C V R P, Y A V V Q 

GAAGGTOCATGGimTCCGC^ 

KAAHGHVRKAFKSKV.STLTDLQPYMRQFVAHLQETSPLRD 
AVVIEQSSSLNEASSGLFDVFLR FUCHHAVR I R6KSYVQC 

■ (•!•■ at I ••• 

CCAGGGGATCW^^ 

Q 6 I P Q G S I L S T L L C S L C Y 6 D y E N K L F A G I R R D G L L L R L V D 
TGATTTCTTBTIIB^^ 

D F L L V T P H L T H A K T F L R T L V R G V P E Y 6 C V V N L R K T V V I F P 
TGTAGAAGACGAGGTOTGffiTGGCAOT 

VEDEALGGTAFVQHPAHGLFPffCGLLLDTRTLEVQSDYSS 

CTATGCITOCCTCCATCAGAGMM 

YARTSIRASLTFNRGFKAGRNURRKLFGVLRLKCHSLFLD 
TTTG(»A(MmAGA 

LOVNSLQTVCTHIYKILLLQAYRFHACVLQLPFHQQVWKH 



GGCCmTTTCin^^ 

PTFFLRVI SOTASLCYSI LKAKNAE 

I 

CCGAAGAAAACATTTCTGTCGTGACTCCTGCGGTGCTTGGGTC 
EENILVVTPAVLGS 

GQPEBEPPRRPSGVGSFPVSPGRGVGLGL* 



Fig. 11M 
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Protein that lacks motif A 

U P R A P R C R A V B 8 L L R 8 H T R E V L P L A T F V 

{MGCCTGGTO^ 

R R L G P 0 G I R L V 0 R G D P A A F R A L V A Q C L V C V P I D A R P P P A A 

■ t i i • • ■ • • • t • 

P 8 F R Q V S C L K E L V A R V L Q R L C E R G A K » V I A F G F A L L D G A R 
CGGGGGCCCCC^^ 

GGPPEAFTTSVRSYLPRTVTDALRGSGAWGLLLRRVGDBIf 
GCTGGnifflMmT^ 

L V H L L A R C A L F V L V A P S C A Y Q V C G P P L Y 0 L G A A T Q A R P P P 

■ • i i i t * t • • » ■ 

AtMiCTAGIGGAC^^ 

HASGPRRRLGCERAWNHSVREAGVPLGLPAPGARRRGGSA 

iittiitii**' 

ausccGiwTCTra^^ 

S R S L P L P K R P R R G A A P E P E R T P V G Q G S I A H P 6 R T R G P S D R 

TIMTCTGTGMGWT^^ 

GFCVVSPARPAEEATSLEGALSGTRHSHPSVGRQHHAGPP 
ATI^TCGCGGCIMA^ 

STSRPPRPHDTPCPPVYAETKHFLYSSGDKEQLRPSFLLS 

CTCTCTG^GCCCAfiCCTGACTSGCGCTCGSAfiGC^ 

SLRPSLTGARRLVETIFLGSRPiyPGTPRRLPRLPQRYffQ 

i i i • ■ ■ • t • • • • 

AATGCGGCGCCTGTTTGTGGA&IHTTGG^ 

V R P L F I E L L G N H A Q C P Y G V L L K T H C P L R A A V T P A A G V C A R 

GGAGAAGCOmGGCTCTIM 

E K P Q G S V A A P E E E D T D P R R L V Q L L R 0 H S S P W Q V Y G F V R A C 

(OTGIEOTGGTGCCWXAffi^ 

LRRLVPP6LWGSRHNERRFLRNTKKFISLGKHAKLSLQEL 

I • i ■•■■II lit 

GAKTGGAMGAGCGTGCW 

T I K y 8 V R D C A W L R R S P G V G C V P A A E H R I R E E I L A K F L H I L 

GATIMGTGTAOGTtH^ 

R S V Y V V E L L R S F F Y V T E T T F 0 K N R L F F Y R K S V « 8 K L 0 S I G 
MT(MMTGAAM^ 

I R Q H L K R V Q I R E L 8 E A E Y R Q H R E A R P A L L T S R L R F I P K P D 

Fig. UN 
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• •«•••••• , ■ • 

CGGGCTGCGGCCGATTC^^ 

GLRPIVNHDYVVGARTFRREKRAERLTSRVKALFSVLNYE 

RARRPGLLGASVLGLDDIHRAWRTFVLRVRAQOPPPELYF 
TGTCAAG G^UGGUG^ 

V K DRLTEVIASI IKPQNTYCVRRYAVVO 

GAAGGKGCQTGGI^^ 

KAAHGHVRKAFKSNVSTLTDLQPYURQFVAHLQETSPLRD 

TGCCGTKn^TCGAGCAfiAGCTCCTfXXTGAATGAGGCCAGC^ 

AVVIEGSSSLHEASSGLFDVFLRFIICHHAVRIRGKSYVQC 
(X!AGGGGATCTO(^TCWTCCTCTCCACGCTGC 

0 G I P Q G S I L S T L L C S L C Y G D U E N K L F A G I B A D G L L L R L V D 
TGATTTCTTGTTGGTGACACCTCACCTCACCC^^ 

DFLLVTPHLTHAKTFLRTLVRGVPEYGCVVNLRKTVVHFP 
TGTAGMGACGAGfiHOTGGGTGG^ 

VEDEALGGTAFVQUPAHGLFPWCGLLLDTRTLEVQSDYSS 
CTATGOTAtCTW^ 

YARTSIRASLTFMRGFKAGRN1IRRKLFGVLRLKCHSLFLD 

TTTGCAG61GMCAGCCTCCAGAC6GTGTGCAC^^ 

LQVKSLQTVCTNIYKILLLGAYRFHACVLQLPFHQQVWKN 
CCCCACATMtOTmCATCTCT^^ 

PTFFLRVISDTASLCYSILKAKNAGUSL6AKGAAGPLPSE 

• ••••» t •••• i 

GGCCGTGCAGTGGCT^^ 

AVQWLCHGAFLLKLTRHRVTYVPLL6SLRTA0TQLSRKLP 

GGGGACGAI^TGACTGCCCTGGAGGroX^TO 

G T T L T A L E A A A N P A L P S D F K T I L D 

• • » ■ ■ » • • ■ i • i 

CTGTCACIMil&TCTAOT^ 
(MCOTGAGra^ 

■ • • • • • t i » i • i 

MGGAGCCCGGOTCMTraWT^ 
GGACMTGGGmCTGIMmGW^^ 

AATACTGAATATATGAGTrTTTCAGTTTTGA Fig, 110 
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Truncated protein that lacks motif A 

ATGCCGCI$CT(OT 

■ PRAPRCRAVRSLLRSHTREVtPLATFV 
RRL6PQ6WRLVQR6DPAAFRALVAQCLVCVPW0ARPPPAA 
PSFRQVSCLKELVARVLQRLCERGAKNVLAFGFALLDGAR 
GGPPEAFTTSVRSYLPNTVTDALR6SGAWGLLLRRVGDDV 

■ tit it ■ i i ■ ■ • 

LVHLLARCALFVLVAPSCAYQVCGPPLYQLGAATQARPPP 

AimTAGTGGAO^^ 

HASGPR RR LGCERAWNHSVREAGVP LGLPAPGARRRGGSA 
CAGCCGWG^^ 

SRSLPLPKRPRRGAAPEPERTPVGQGSWAHPGRTRGPSDR 

• Itlllllllll 

TGGmCTGTGTGGTGTOT^^ 

GFCVVSPARPAEEATSLEGALSGTRHSHPSVGRQHHAGPP 

■ * ■ ■ i • i ■ ■ ■ ■ t 

STSRPPRPWDTPCPPVYAETKHFLYSSGDKEQLRPSFLLS 
CTtmGCCimMTGGCTO 

SLRPSLTGARRLVETIFLGSRPWHPGTPRRLPRLPQRYWQ 

< i § i i ■ . i i ■ • i 

AATGCGKICCfllS^ 

URPLFLELLGNHAQCPYGVLLKTHCPLRAAVTPAAGVCAR 

■ iiiii i t • i ■ ■ 

GGAGAAGimAIi^ 

EKPQGSVAAPEEEDTDPRRLVQLLRQHSSPWQVYGFVRAC 

■ iiiittiiiti 

KTGimGliCTOTGCCCCC^^ 

LRRLVPPGLW6SRHNERRFLRHTKKFISLGKHAKLSLQEL 

• •■tii i i • i • i 

GACGTISGAAGATI^TGCG^ 

TWKMSVRDCAWLRRS PGVGCVPAAEHRLREE I LAKFLHWL 
GATGAGTGTGTAIMIM 

HSVYVVELLRSFFYVTETTFQKNRLFFYRKSVWSKLQSIG 

• > ■ • ■ « • i * ■ ■ • 

AAWGN^TTGAtfil^^ 

IRQHLKRVGLRELSEAEVRQHREARPALLTSRLRFIPKPD 

Fig. IIP 

SUBSTITUTE SHEET (RULE 26) 



WO 99/01560 



PCT/US98/13835 



33/68 



MGCGGCOTTGM^^ 

G L R P I V H I D Y V V G A R T F H R E K R A E R L T S R V K A L F S V L N Y E 

Gfl)GG(EGG(E^ 

R A R R P G L L G A S V L G L D 0 I H R A II R T F V L R V R A Q D P P P E L Y F 

i • • • t t a i i i ■ • 

TGTCAAG SUWnMBIUm^ 

V K 0 R L T E V I A S I I K P Q N T Y C Y A R Y A V V Q 

K A A H G H V R K A F K S H V S T L T 0 I Q P Y I R Q F V A H L 0 E T S P L R D 
TGtMCTOMft^ 

A V V I E Q S S S L N E A S S G L F D V F L R F I C H H A V R I R G K 8 Y V Q C 

GCAGGGIMftCGQtGG^^ 

qgipqgsilstllcslcygduenklfagirrdglllrlvd 
tgatttcttgtiggtgaimito 

d f l l v t p h l t h a k t f l r t l v r 6 v p e y g c v v n l r k t v v k f p 

tgtagaagacgftggccctgggtggcacggcttttgttc 

v e d e a l g g t a f v q ii p a h g l f p i c g l l l d t r t l e v q s d y s r 

■ ■■•■■(■■■it 

GTGAGtECAOTCCGG^ 

* 



T(MWGC(OT(OT(raTCTm 



Fig. HQ 
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Lacks motif A and altered C-terminus 

ATGCCGCGCIfflffiOT 

HPRAPRCRAVRSLLRSHTREVLPLATFV 

CGGimTGGGGCCIWTGGC^ 

RRL6PQ6WRLVQRGDPAAFRALVAQCLVCVPWDARPPPAA 

» t • ■ ■ »*■• it* 

OTCnCCGCMTCCTO 

P S F R Q V S C L K E L V A R V L Q R L C E R 6 A K N V L A F G F A L L D 6 A R 

• •••*itatt (l 

GGPPEAFTTSVRSYLPNTVT0ALR6SGAWGLLLRRV6DDV 
GCTGffTTCACCTGCMMlTCCGC^ 

L V H L L A R C A L F V L V A P S C A Y Q V C G P P L Y Q L 6 A A T Q A R P P P 

ACACGCTAGTG6ACCCCGAAG6CGT(riGGGATGCGAACG 

KASGPRRRLGCERAWNHSVREAGVPLGLPAPGARRRGGSA 
CASXGMCTiOTTGC^ 

SRSLPLPKRP8RGAAPEPERTPVGQ6SWAHPGRTRGPSDR 

T6GmCTGTGTGGTGTOTGM^^ 

GFCVVS PARPAEEATSL EGALSGTRHSHPSVGRQHHAGPP 
ATIMMXMTCCTO^ 

STSRPPRPHDTPCPPVYAETKHFLYSSGDKEQIRPSFLLS 

m(WiGC(WGACTGGa3CTC« 

SLRPSLT6ARRLVETIFLGSRPWHPGTPRRLPRLPQRYWQ 

■ • • > • t • • • > • i 

MTGCSGCCCCTGTTTCTGGAGCTGCTTGGGAACC^^ 

II R P L F L E L L 6 N H A Q C P Y G V L L K T H C P L R A A V T P A A G V C A R 

■ ••■■flflfflf 

GGAGAAGCCCCAGGGCTCTGTGGCGGCCIXXG^ 

E K P Q G S V A A P E E E D T D P R R I V Q L L R Q H S S P « Q V Y G F V R A C 

CCTGCGCCGGC1GGTGCC(^X]AGGC(nCTGGGGC^ 

LRRLVPPGLW6SRHMERRFLRNTKKFISLGKHAKLSLQEL 

• i ■ • i * t • ■ ■ t ■ 

GACGTGGAAGATGAGCGTOCGffiACTGCGCTTGGCTGCGI^ 

TWKMSVRDCAWLRRSPGVGCVPAAEHRLREE I LAKFLHWL 
GAIGRGTGTGTA^ 

y S V Y V V E L L R S F F Y V T E T T F 0 K H R L F F Y R K 8 V I S K L Q S I G 

AATCAGACAGCACTTGAAGAGI^^ 

IRQHLKRVQLRELSEAEVRQHREARPALLTSRLRFIPKPD 

Fig. 11R 
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G L R P I V N y D Y V V G A R T F R R E K R A E R L T S R V K A L F S V L N Y E 

■ • ■ • • • i > i • ■ i 

GCGGGCGCGGCGCCTOCTKTGGOT 

R A R R P G L L G A S V L G L D D I H R A I R T F V L R V R A 0 D P P P E L Y F 

TGTCAAG GAWCACGGm 

V K D R L T E V I A S I I K P Q N T Y C V R R Y A V V Q 
GAAGIICCGCW 

K A A H G H V R K A F K S H V S T L T D L Q P Y il R G F V A H L 0 E T 8 P L R 0 

TCCC6T0GTCATCG^^ 

A V V I E Q S S S L N E A S S 6 L F D V F L R F V C H H A V R I R 6 K S Y V 0 C 
CCAfiGGGftTCCCGCAGGGCTCCATCCTCTCCACGCTGCTCTGCA 

Q G I P Q 6 S I L S T L L C S L C Y G D U E N K L F A G I R R D 6 L L L R L V D 

■ ■■iiii t • i • • 

TGATTTCTTGTTGGTGACACCTI^ 

D F L I V T P H L T H A K T F L R T L V R G V P E Y G C V V N L R K T V V N F P 
TIHAGMGAGGAGGCCCM^ 

VEDEALGGTAFVQUPAHGLFPWCGLLLDTRTLEVQSOYSS 

ClfflGGOOGGK^^ 

YARTSIRASLTFNR6FKAGRNIIRRKLFGVLRLKCHSLFLD 
TnGCAGGTGAACAGttnTXAGACGGTGTGCACCA^TCTA^ 

L Q V N S L Q T V G T H I Y K I L I L Q A Y R F H A C V L Q L P F H Q Q V V K N 



CCCf^TTTTTCCTGCGCOT^ 

PTFFLRVISDTASLGYSILKAKNAE 

I 

(^lAAGAAAAWTTTCTGTCGTGACTCCTGCGGTGCTTGGGTC 
EENILVVTPAVLGS 

GGGOGtMGATGGAGCC^ 

G 0 P E y E P P R R P S G V G S F P V S P G R G V G L G L * 



Fig. US 
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N-terminal truncated telomerase (ver. 2) 

• ••(•••■■lit 

ATGCCI&GCGCTKCOT 

UPRAPRCRAVRSLLRSHTR EVLPLATFV 

CGGIXiCCTGGGGCC^^ 

RRLGPQ6WRLVQHG0PAAFRALVAQCLVCVPWDARPPPAA 
G6CCTCCCC6GGGTC6GCGTCOTG(^^ 

GLP6VGVRLGLRAA6GNQRHAESSAGDS6RFPRR 
A S P G S A S G W G * G R P G G T S D V R R A A Q A T Q G A S P A G 
PPRGRRPAGVEGGRGEPATC6EQRRRLRALPPQV 

« | » • ■ ■ • ■ ■ • • • . 

(MmCOGMGTW 

P S F R Q V S C L K E L V A R V L Q R L C E R G A K N V L A F G F A L L D G A R 

• • • ■ t » i • • t ■ " i 

CG(ffi(OT(MCCn(^^ 

G G P P E A F T T S V R S Y L P N T V T D A L R G 5 G A H 6 L L L R R V 6 0 D V 
GflKTTimTGCTGGW^ 

L V H L L A R C A L F V L V A P S C A Y Q V C G P P L Y Q L G A A T Q A R P P P 

A(^TAGTG(jACCCMWAGGCGTCTI^ 

H A S G P R R R L G C E R A W N H S V R E A G V P L G L P A P G A R R R G G S A 
(MCGAAGTCTCCCGH^ 

S R S L P L P K R P R R 6 A A P E P E R T P V G Q G S W A N P 6 R T R G P S 0 R 

• ■ I < • • • a • • p I 

TGGWCTGTGWGT(^(j(M!ACCH^^ 

GF CVV S PAR PAEEATSL EGALSGTRHSHPSVGRQHHAGPP 

• • i ■ i ■ ■ • * ■ ■ • 

ATlXACATCGC^OUXAOCTCCCn^GACACG^ 

STSRPPRPHDTPCPPVYAETKHFIYSSGDKEQLRPSFLLS 

■ ■•■■■tiiiii 

CTCTCTQAGQCCCAGCCTGACTGGCGCTCQCiftGGCTCGTKiAQ 

SLRPSLT6ARRLVETIFLGSRPWUPGTPRRLPRLPQRYWQ 

MTGimiXTGmCTfmTffiTTGGGAAim^ 

MRPLF L ELLGNHAQCPYGVLLKTHCPLRAAVTPAA6VCAR 
GGAGAAGCraGGCTCTGTGGiTOC^ 

E K P Q G S V A A P E E E D T D P R R L V Q L L R Q H S S P W Q V Y G F V R A C 

• ■ • • • i » t i • i i 

CCTtmmTGGTGCO^^ 

I R R L V P P 6 I H G S R H N E R R F L R N T K K F I S L G K H A K L 8 L Q E L 

GMMiGAAfMMfflTGGiGGACT^ 

TRKUSVRDCAWLRRSPGVGCVPAAEHRLREEILAKFLKWL 

Fig. 11T 
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»••»•■ ■•■■«• 
GAT&AGTTOCGmCGAGOT^ 

USVYVVELLRSFFYVTETTFQKNHLFFYRKSVWSKLQSIG 

• • • • • • i • i ■ i i 

MT"NHf--GNMACI^^ 

WTGGGTGGACGTGG(XCmTGGCCnCTK8TGTG(TOT 

GCTGAGCAAGCCTCCTGAGGGGCTCTCTATTG. 

Fig. 11U 



Truncated protein 1 (ver. 2) 

t ■ I t I ■ ■ ••■II 

ATBIHiGGGC^^ 

UPRAPRCRAVRSLLRSHTREVLPLATFV 
RRLGPQGWRLVQflGOPAAFRALVAQCLVCVPWDARPPPAA 

!•••■ ■■•■■•• 

GGtOTCCCCGGGGIi^ 

G L P G V G V R L G L R A A G G N Q R H A E S S A G D S G R F P I R 
A S P G S A S G I G * G R P G G T S D V R R A A Q A T G G A S P A G 
PPRGRRPAGVEGGRGEPATCGEORRRLRALPPQV 

■ j ■ • • i i • ■ i t t t 

CCCCTGCnCCGCCAGCTGTCCTGCCTGMGGASCTSGTGGXCGAGTGCTG 

P S F R 0 V S C L K E L V A R V L Q R L C E R G A K N V L A F G F A L L D 6 A R 

CGGGGIiCCCClft^^ 

G G P P E A F T T S V R S Y L P N T V T D A L R 6 S G A f G L L L R R V G D D V 
GCTGISniMTinGGCACGCTIM 

L V H L L A R C A L F V L V A P S C A Y Q V C G P P L Y Q L G A A T Q A R P P P 

ACACGCTAfiTGGACCCCGAAGGCGTCTGGGATGCGAAOGGGCCTG 

H A S G P R R R L G C E R A B N H S V R E A G V P L G L P A P G A R R R G G S A 

• •iittititit 

CAGCCGAAGTCTGOTIHOT 

SRSLPLPKRPRRGAAPEPERTPVGOGSWAHPGRTRGPSDR 

• • i • i i • ■ i • i ■ 

TGGTTnfilGin^^ 

G F C V V S P A R P A E E A T S L E 6 A L S G T R H 8 H P S V G R Q H H A G P P 

Fig. 11V 
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ATGIEGCGCGCTC^ 

UPRAPRCRAVRSLLRSKTREVLPLATFV 

CGGOTGGGGimAG^ 

RRL6PQGWRLVQRGDPAAFRALVAQCLVCVPWDARPPPAA 



GGCCTIOTOT^ 

6 L P 6 V 6 V R L G L R A A G 6 N Q R H A E S S A G D S G R F P R R 
A S P G S A S G R G * G R P G G T S D « R R A A Q A T Q G A S P A G 
P P R G R R P A G V E G G R G E P A T C 6 E Q R R R L R A L P P Q V 

* |i » ■ • •.* ■ • ■ i ■ 

CCCCTCCHCCGCC^^ 

P S F R Q V S C L K E L V A R V L Q R L C E R G A K H V L A F G F A L L D 6 A R 
CGGGGGCCOOTGa 

G G P P E A F T T S V R S Y L P N T V T D A L R G S G A H G L L L R R V G D D V 

GCTGGTmTGCTGGim 

L V H L L A R C A L F V L V A P S C A Y Q V C G P P L Y Q L G A A T G A R P P P 

I • t I • | I ■ III! 

AGACGCTAGTGGA(roMOT 

H A S G P R R R L G C E R A V N H 3 V R E A G V P L G L P A P G A R R R G G 5 A 
CAGCCGAAGTCTGCCGTC^ 

S R S L P L P K R P R R G A A P E P E R T P V 6 Q 6 S W A H P G R T R G P S D R 
G F C V V S P A R P A E E A T S L E G A L S G T R H S H P S V 6 R Q H H A G P P 

• •llaiiitili 

ATCCACAT(£CGG(XMC(MiT(^TGGGACA(£ 

STSRPPRPI0TPCPPVYAETKHFLY8S6DKEQLRP8FLLS 



Fig. 11 f 
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Truncated protein 2 (ver.2) 



ATGHGMCT 

HPRAPRCHAVRSLLRSHTREVLPLATFV 

i t • • i ■ • i • i ■ • 

(maMimAGGGCTGGim^ 

RRLGPQ6VRLVQRGDPAAFRALVAQCLVCVPWDARPPPAA 



ggcotccg^^ 

g l p g v g v r l 8 l i a a g g n q i h a e s s a g d s g i f p i b 
a s p g s a s g v g * g r p g g t s d u r r a a 0 a t q g a s p a g 
pprgrrpa6veggrgepatcgeqrrrlralppqv 

i |c • • i i i • t t t « 

CGCCnXTTCCGCCAGGTGTCCTGCCTGAAGGAGCT 

P S F R Q V S C L K E L V A R V L 0 R L C E R G A K N V L A F G F A L I D G A R 
OSGGftjIMCCM^ 

G G P P E A F T T S V R 8 Y L P N T V T D A L R G S 6 A I G L L L R R V G D D V 

(JCTG6TT(^GCTGGCACICT^ 

L V H L L A R C A L F V L V A P S C A Y fl V C G P P L Y 0 L G A A T Q A R P P P 
AOKBCTAGTGGAC^^ 

HASGPRRRLGCERAWNHSVREAGVPLGLPAPGARRRGGSA 

• ••■■■■•it** 

(mGAAGTtmTTGCC^^ 

SRSLPLPKRPRRGAAPEPERTPVGGGSWAHPGRTRGPSDR 

• «•••• ■ ••••■ 

TGGTTTCIGTGTGGTGTCMXTGNM!!^ 

GFCVVSPARPAEEATSLEGALSGTRHSHPSVGRQHHAGPP 

■ ■•«■••■•*■* 

AT(XACATCGQ^CCAC(^TttCTGGGACAM 

STSRPPRPWDTPCPPVYAETKHFLYSSGDKEGLRPSFLLS 

■ •■•••■•ill* 

imwiGcciwm^ 

SLRPSLTGAR R LVETIFL6SRPWUP6TPRRLPRLPQRYW0 
MTGCGGCCKTGMTGG^ 

y R P L F L E L L G N H A 0 C P Y G V L L K T H C P L R A A V T P A A G V C A R 
EKPQGSVAAPEEEDTDPRRLVQLLRQHSSPWGVYGFVRAC 

■ ■ i • ■ > • • • ■ * ■ 

(XTGCGCCGGCTIM 

LRRLVPPGLWGSRHNERRFLRNTKKFISL6KHAKLSL0EL 
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6ACGTGGAAIMTGOT 

TWKUSVROCAWLRRSP GVGCVPAAE H R LREE I LAKFLHWL 
«TSTGTAKTC8T(WTGCTOTCmCMATGT(M 

HSVYVVELLRSFFYVTETTFQKMRLFFYRKSVWSKLQSIG 

MT(MA»(MMCAGCT^^ 

IRQHLKRVQLRELSEAEVRQHREARPALLTSRLRFIPKPD 

■ ■■■•■■••■■I 

CGGGCTIMmnGT(mTGGACTAW&^ 

G L R P I V N U 0 Y V V G A R T F R R E K A A E R L T S R V K A L F S V L N Y E 



R A R R P G L L G A S V L G L D D I H R A H R T F V L R V R A Q D P P P E L Y F 

■ •••■•I I lata 

TCTIMETGGTO 

V K V D V T G A Y D T I P Q D R L T E V I A S I I K P 0 N T Y C V R R Y A V V Q 

GAAG6CCGCCCATGGGCACGTCCGCAAGGCCTTCAAGA6CCAC 
KAAHGHVRKAFKSH 

■ ■•■atiaiiii 

GTCCTACGTGCAGTG 
V L R P V 

(MATOraGGGCTtWMTO 

P 6 D P A G L H P L H A A L Q P V L R R H 6 E Q A V C G D S A G R A A P A F V G 



TGATnfflGTM(MXTCACCT^^ 



Fig. UY 
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Reference protein (ver. 2) 

ATMJCGCTTO^ 60 
HetProArgAlaProArgCysArgAlaValAi^SerLcuLeuArgSerHisTyrAr^lu 20 

• ■ i ■ • » 

6IOM^ 120 
ValLeuProLeuAlaTtirPtieValArgArgLeyfilyProGlnGlyTrpArgLeuValGln 40 

otsgmot^^ iso 

ArgGlyAspProAlaAlaPheArgAlaLeuValAlaGlnCysLeuValCysValProTrp 60 

AspAlaArgProProProAlaUaProSerPheArgGlnVal 
GGCCTCCCC(^TCGGCGTCreGCTQGffinTG 

6LPGVGVRL6LRAAGGNQRHAESSAGDS6RFPRR 
ASP6SASGWG *GH PGGTSDHRRAAQATQGASPAG 
PPRGRRPAGVE66RGEPATCGEQRRRLRALPPQV 



TCCTGCCTGAAGGAGCTG 240 
SerCysLeuLysGluLeu 80 

GTGGfMGCTIMSCTGfl^^ 300 

VaJAlaArgValLeuGlnArgLeuCysGluArgGlyAlaLysAsnValLeuAlaPheGly 100 

• t * • t • 

TTOGOBnanS^^ 360 

PJieAlaLeuLeuAspGlyMaArgGlyGlyProProGluAlaPheThrThrSerValArg 120 

AGCTACCTGMM^TGAKJGACW 420 

SerTyrLeiiProAsnTlirValTlirAspAlaLeiiArgGlySerfilyAlaTrpGlyLeiiLeu 140 

LeuArgArgValGlyAspAspVaiLeuValHisLeuLeuAlaArgCysAlaLeuPheVal 160 

LeuValMaProSerCysAlaTyrGlfiValCysGlyProProLeuTyrGlnLeuGlyAla 180 

mmmmmmmmmmm^mmm 600 

AlaThrGlnMaArgProProPraHisAlaSerGlyProArgArgArgLeuGlyCysGlu 200 

CGGGCCTHMXATAGCGTMI^GGCfXffl 660 

ArgMaTrpAsnHisSerValArgGlyAlaGlyValProLei^yLeuProWaProGly 220 

GGGMiGffiCGGGGGIMGCCAGCCGAAG^ 720 

UaArgArgArgGlyGlySerAlaSerArgSerLeuProLeiiProLysArgProArgArg 240 

GGCGCTGCCKTimGGjmSGAm 780 

GlyMaMaPrcGluProGluArgThrProValGlyGlnGlySerTrpAlaHisProGly 260 

Fig. HZ 
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Ai^ttrArgGlyProSerAspArgGlyPheCysValValSerProAlaArgProAlaGlu 280 

mmmrnmmttmmmimmm^ 900 

GluAlaTtirSerLeuQluGlyAlaLeuSerfilyThrArgHisSerHisProSerValGly 300 

ArgGlnWsHisAlaGlyProPPoSerThrSerArgProProArgProTrpAspThrPro 320 

mmmmmmmMimmmimmm 1020 

CysProProValTyrAlaGluThrLysKisPheLeuTyrSerSerGlyAspLysGluGln 340 

mmmm^mmjmmmnmwmK 1080 

LeuArgProSerPheLeuLeuSerSerLeuArgProSerLeuThrGiyAIaArgArgLeu 360 

ValGluTlirllePheLeuGlySerArgProTrpaetProGlyThrProArgArgLeuPro 380 

mrnmtmmmmmMmmmm 1200 

ArgLeuProGlnArgTyrTrpGlnyetArgProLeuPtieLetiGluLeuLei^lyAsnHis 400 

ra«tOTA<m^ 1260 

AlaGlnCysProTyrtSlyValLeuLeuLysThrHisCysProLeuArgAlaAlaValTlir 420 

(MMGGTGTCTGTIKOTm^ 1320 

ProAla^MyVal^sAlaArgGluLysProGMlySerValMaMaProQuGlu 440 

GluAspIhrAspProArgArgLeuValGlnLeuLeuArgGlnHisSerSerProTrpGln 460 

GTSTACGGCnCGTGCGGGCCT6CCTGCGCCG6CTGGTG(XXXX^^ 1440 

ValTyrGlyPheValArgAlaCysLeuArgArgLeuValProProGlyLeuTrpGlySer 480 

mmmmmmmmmmmmmimi isoo 

Ar01isAsnaiuArgArgPheLeuArgAsnThrLysLysPheIleSerLeuGlyLysHis 500 

1 # 1 1 • • 

GCCAAISCTCTCGCT^^ 1560 

AlaLysLeySerleuGlnGluLeuThrTrpLysyetSerValArgAspCysAlaTrpLeu 520 

C6CAGGAGC(M)GGGnGffireM 1620 

ArgArgSerProSlyValGlyCysValProAlaAlaGluHisArgLeuArgGluGluIle 540 

CTGGCCAMCCTGIWniE^ 1680 

LeuAlaLysPheLeuHisTrpLeuyetSerValTyrValValGluLeuLeuArgSerPhe 560 

mmmmmmmmwmmtimm&m 1740 

PheTyrValThrfiluThrThrPheGlnLysAsnArgLeuPhePheTyrArgLysSerVal 580 
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TGGtiQW^ 1800 

TrpSerLysLeuGlnSerlleGlylleArgGlnHisLeuLysArgValGlnLeijArgGlu 600 

^immmmm/mjmmmmmmmmk i860 

LeuSerGluAlaGluValAr^lnHisArgGluAlaArgProAlaLeuLeuTlirSerArg 620 

CTCCGCHMTCCfMiOT 1920 

LeuArgPhelleProLysProAspGlyLeuArgProIleValAsnlletAspTyrValVal 640 

GlyMaArgThrPheArgArgGliiLysArgAlaGluArgLeyThrSerArgValLysAla 660 

(mGOGTGimTAra 2040 

LeuPheSerValLeuAsnTyrGiuArgAlaArgArgProGlyLeuLeuGlyAlaSerVal 680 

CTGGGCCTGGACGATAraAC^ 2100 

LeuQlyLeuAspAspIleHisArgAlaTrpArgThrPheValLeuArgValArgAlalUii 700 

GACCTOCTGJE^^ 2160 

AsplWroPro61uLeuTyrPheValLys¥alAspValTlirGlyMyrAspMle 720 

mmmvmimmmmmmmsmmm 2220 

PraOlnAspArgLeuThrGluVallMaSerllelleLysPrflGlnAsnThrTyrCys 740 

GTGKTCGGTATGCWTGGTIXAGAWSGCCGCC^ 2280 

ValArgArgTyrMalValGlilysAlaMaHisGlyHisValArgLysAlaPheLys 760 

SerHisValSerThrLeuThrAspLeuGlnProTyrHetArgGlnPheValAlaHisLeu 780 

wmmmtmmmmmmnmttmw 2400 

GlnGluTlirSerProLeiiArgAspAlaValVallleGliiGlnSerSerSerLeuAsnGlu 800 

GCCAGCAGTGGCCM^ 2460 

AlaSerSerGlyLeuPheAspValPheleuArgPheyetCysHisHisAlaValArglle 820 

AGGIjGIMiTCCTMOTTO 2520 

ArgGlyLysSerTyrValGlnCysGlnGlylleProGlnGlySerlleLeuSerTltrLeu 840 

CTCWCTOTACGM^ 2580 

LeuCysSerLeuCysTyrGlyAspHetGliiAsnLysLeuPheAlaGlylleArgArgAsp 860 

GGGCTGCTCCTGfETO 2640 

GlyLeuLeuLeuArgLeuValAspAspPheLeuLeuValThrProHisLeuThrHisAla 880 

MAACCTTIXTOK^ 2700 

LysMheLeuArgThileuValArgGlyValProGluTyrGlyCysValValAsnLeu 900 



PCT/US98/13835 



Fig. 11AB 
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M(MMMGTGAACn(^ 2760 

ArgLysThrValValAsnPheProValGluAspGluAlaLeuGlyGlyThrAlaPheVal 920 

(^TGCCGGmtOT 2820 

GlniletProAlaHisGlyLeuPheProTrpCysGlyLeuLeuLeuAspThrArgllirLeu 940 

t • • • • t 

GI«M(mACT(m 2880 

GluValGlnSerAspTyrSerSerTyrAlaArgThrSerlleArgAlaSerLeuThrPhe 960 

mimmmmmmmmmmmmwm 2940 

AsnAr^lyPheLysMaGlyArgAsnllrtArgArgLysLeuPhefilyValLeuArgLeu 980 

MinGlttU^^ 3000 

LysCysHisSerLeuPheLeuAspLeuGlnValAsDSerLeufiliiThrValCysThrAsn 1000 

mmkmmimmmwmmmvmm 30&0 

IleTynysIleLeuLeuLeuGlfiAlaTyrArgPheHisAlaCysValLetXJliiLeuPro 1020 

TTTCATCAGCAASTTTG6AAGAACCCWCATTTTTC 3120 

PheHisGlnGlnValTrpLysAsnProTlirPtiePheLeuArgVallleSerAspThrAls 1040 

SerLeuCysTyrSerl leLeuLysAla LysAsnAlaGlyMetSerLeuGlyAlaLysGly 1060 

OTCGGCOT^^ 3240 

AlaAlaGlyProLeuProSerGluUaValGlnTrpLaiX^sHisGlnAlaPheLeuLeii 1060 

3300 

LysLeuThrArgHisArgValHirTyrValProLeuLeuGlySerLeuArgThrAlaGln 1 100 

AtMGAGTTO^ 3360 

TI)r61nLeuSerArgLysLeuProGlyTlirTtirLeuTlirAlaLeu61uAlaAlaAlaAsn 1 120 

(MlACTGCKTCAWCnCAAGACCATCCTGGAC 3420 

PrcAlaLeuProSerAspPheLysThrlleLeuAsp 1132 



Fig. 11AC 
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Truncated protein 3 (ver. 2) 

* ■ • > • i ■ * ■ « t • 

ATGIMiCGCTCCOT 

DPRAPRCRAVRSLLRSHTREVLPLATFV 

»■••••«*■••■ 

R R L G P Q 6 W R L V Q R G D P A A F R A L V A Q C L V C V P W D A R P P P A A 



GGaTTCKG(iGGT(mGI(OTTm 

G L P G V G V R L 6 L R A A G G H 0 R H A E S S A G 0 S G R F P R R 
A S P G S A S G I G * G R P G G T S D W R R A A Q A T Q G A S P A G 
PPRGRRPAGVEGGR6EPATCGE0RRRLRALPPQV 

■ | • • • i i • i i ■ • • 

KXCTCCnCCGCCAGOTtt^ 

P S F R Q V G C L K E L V A R V L Q R L C E R G A K N V L A F G F A L L D G A R 
GGPPEAFTTSVRSYLPRTVTDALRGSGAIGLLLRRVGDDV 

iscrawTGCTim^ 

L V H L L A R C A L F V L V A P S C A Y Q V C G P P L Y Q L G A A T Q A R P P P 
ACACGCTAGTGGACCCCt^^ 

H A 8 G P R R R L G C E R A I H H S V R E A G V P L G L P A P G A R R R G G S A 
CAGIXGAAGTCTGCCGT^^ 

SRSLPLPKRPRRGAAPEPERTPVGQGSBAHPGRTRGPSDR 

III* «!•■!••• 

TGGTTTCTGTGTGGTfMCT^ 

G F C V V S P A R P A E E A T S L E G A L S G T R H S H P S V G R Q H H A G P P 
AlOmGCGGimAim^ 

STSRPPRPKDTPCPPVYAETKHFLY88G0KEQLRPSFLLS 
COTGAGtmimGOTCGCTCM^ 

SLRPSLTGARRLVETIFLGSRPIIIPGTPRRLPRLPQRYIO 

MTGCGGCCOTTTtmCTGCTTim^ 

U R P L F L E L L G H H A 0 C P Y G V L L K T H C P I R A A V T P A A G V C A R 
GGAGAAGCCCtmrCTGTGG^ 

EKPQGSVAAPEEEDTDPRRLVQLLRQHSSPffQVYGFVRAC 

• • • • ■ i ■ ■ • ■ • i 

CCTGCGtMWmAG^ 

LRRLVPPGllfGSRHNERRFLRNTKKFISLGKHAKLSLQEl 
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GAOSTGGAAGATOGTIE^ 

TWKHSVRDCAWLRRSPGVGCVPAAEHRLREEILAKFLHWL 

■ • ■ • ■ ■ « * i • f ■ t 

(JATGAGTGTGTACGTCGTI^ 

HSVYVVELLRSFFYVTETTFQKHRLFFYRKSVIISKLQSIG 

■ *i**)t*»t*t 

MTI^CAGCAOTGAAWGWGCTGCGGGAffi 

IRQHLKRVQLRELSEAEVRQHREARPALLTSRLRFIPKPD 
CGGGCTGCGGK^nGTliAACATGGACTACGTCGTGGGAGCCAGAACG 

GLRPIVNUDYVVGARTFRREKRAERLTSRVKALFSVLNYE 

i •••••■■iiii 

RARRPGLLGASVLGLDOIHRAWRTFVLRVRAQOPPPELYF 

TGTCWffiGTGGAIGTGACGGGCGCGTA^^ 

VKVOVTGAYOT IPQDRLTEVIASI IKPQNTYCVRRYAVVQ 
GAAGOCGCCWTGGGW^^ 

KAAHGHVRKAFKSHVSTLTDLGPYHRGFVAHLGETSPLRD 

TGCCfiTC61CATC6AGG»6AGC^^ 

AVVIEQSSSLNEASSGLFDVFLRFUCHKAVRIRGKSYVQC 

QGIPQGSILSTLLCSLCYGDUENKLFAGIRRDGLLLRLVD 
TGATTTCTTGT1GGTGACACCTCACCT(^CCCACG(XMAA 

DFLLVTPHLTHAKTFLRTLVRGVPEYGCVVNLRKTVVMFP 
TGTAGAAGACGAGGCCCTGGGI^^ 

V E D E A L G G T A F V Q V P A H G L F P I C G L L L D T R T L E V Q S D Y S R 



ATCCCAAAG6GTCAGA 



TGCCACAGG6Tffl!Crc^ 



Fig. 11AE 
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Altered C- terminus protein (ver. 2) 

ypRAPRCRAVRSLLHSHTREVLPLATFV 

KGCGCCTS^^ 

RRL6PQGWRLVQR6DPAAFRALVAQCLVCVPWDARPPPAA 



GGMTttlX^TCGGCGTOT 

6LP6VGVRLGLRAAGGNQRHAESSAGDSGRFPRR 
A S P G S A S 6 W 6 1 6 R P 6 6 T S D y R R A A Q A T Q 6 A S P A 6 
P P R G R R P A G V E G G fi G E P A T C G E Q R R R I R A L P P Q V 

• I- 

(XCCTKHIMIA^GTCCTGOTGAAGGA^ 

P S F R 0 V S C L X E L V A R V L Q R L C E R G A K N V L A F G F A L L D G A R 

■ » • i • « i « « • ■ • 

CGGGGGCCCCCCCGA^ 

G G P P E A F TTSVRSYLPNTVTDALRGSGAWGLLLRRVGDDV 

(MGCTTCAHna^^ 

L V H L L A R C A L F V L V A P S C A Y Q V C G P P L Y Q L G A A T Q A R P P P 

AMAGTGimCWCGTCM 

H A S G P R fl R L G C E R A V N H S V R E A G V P I 6 L P A P 6 A R R R G G S A 

• ■■•tittiiii 

CAGCCGAAGTCTISC^ 

SRSLPLPKRPRRGAAPEPERTPVGQGSIAHPGRTR6PSDR 
TGGTTTIOTOTOTGCC^^ 

G F C V V S P A R P A E E A T S L E 6 A L S 6 T R H S H P S V G R Q H H A G P P 
ATCCAIMGKjGIXIAIW 

STSRPPRPWDTPCPPVYAETKHFLYSSGDKEQLRPSFLLS 

• ■•■■■•■■til 

CTOGAGSMOTGAC^ 

SLRPSLT6ARRLVETIFLGSRPWUPGTPRRLPRLPQRYWQ 
MTGimttTGMTGGAGCTGCTTGGGAACm 

R R P L F L E L L 6 N H A Q C P Y G V I L K T H C P L R A A V T P A A G V C A R 

GGAGAAGCCCCAM 

EKPQGSVAAPEEEDTDPRRLVQLLRQHSSPWQVYGFVRAC 

«OMTGGTGm^ 

LRRLVPPGLWGSRHNERRFLRHTKKFISLGKHAKLSLGEL 

WffiTGGAAGATGAGCGTGCGGI^ 

TWKUSVRDCAVLRRSPGVGCVPAAEHRLREEILAKFLHWL 

Fig. 11AF 
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GIWAWGIMMOT 

T I K B S V R D C A I L R R 3 P G V G C V P A A E H R L R E E I L A K F I H V L 
GATGAGlGTGTAtfflGGICGAGCTGC^^ 

y S V Y V V E L L R S F F Y V T E T T F Q K N R L F F Y R K S V I S K L 0 S I G 

MTCAGAIMTTGAAGAGGGTGOT 

I R 0 H L K R V Q L R E L S E A E V R Q H R E A R P A L L T S R L R F I P K P D 

• ■ififi«««it 

CGGGwrniw^ 

G L R P I V N I D Y V V G A R T F R R E K R A E R L T S R V K A L F S V L N Y E 
GCGGGCGCGGC^^ 

R A R R P 6 L L G A S V L 6 L D D I H R A W R Y F V L R V R A Q D P P P E L Y F 

ii»«iiat«t*i 

TfMTOGTGMiCG^^ 

V K V 0 V T G A Y D T I P 0 D R L T E V I A S I I K P Q H T Y C V R R Y A ¥ V Q 
GAAGGCCGCCCATGftX^^ 

K A A H G H V R K A F K S H V S T L T 0 L 0 P Y II R Q F V A H L Q E T S P L R D 

TGCC6TCGTCATCGM^ 

A V V I E 0 S S S L N E A S S G L F D V F L R F II C H H A V R I R G K S Y V Q C 

i t • * • • • i « • t • 

CBtfGGGATCfflGCAG^^ 

0 G I P Q G S I L S T L L C S L C Y G D U E N K L F A G I R R 0 G L L L R L V D 
TGATTTOTGTMGACAIXIOT 

DFLLVTPHLTHAKTFLRTLVRGVPEYGCVVMLHKTVVNFP 
TGTAGMGACGAGGCCCTO 

V E D E A I 6 G T A F V Q V P A R G I F P 1 C G L L L 0 T R T L E V Q S D Y 8 S 

CTATimiAmTlMOT 

YARTS I RASLTFNHG FKAGRNURRKLFGVLRLKCHSLFLD 
TTTGCAGGTCAMMOT 

LQVNSLQTVCTNIYKILLLQAYRFHACVLGLPFHQQVVKK 



CimWTTTOTGimTCATCTCTGm 

P T F F L R V I S D T A S L C Y 8 I L K A K N A E 

I 

(MGAAAACATTOTCGTGACTKTG(^T(OTGGGrc 
EENILVVTPAVLGS 



GGGA(m(MATGGAG(X^^ 

G Q P E y E P P R R P S G V G S F P V S P 6 R G V 6 L 6 L * pjg JJ^Q 
SUBSTITUTE SHEET (RULE 26) 
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Protein that lacks motif A (ver. 2) 

• ■tiiitllil* 

ATGGGGQiCGI^^ 

UPRAPRCRAVRSLLRSHTREVLPLATFV 

<mGCCTGGIE(mGGGCra^^ 

R R L G P Q G » 8 L V Q R G D P A A F II A L V A Q C L V C V P V D A R P P P A A 

• itciiiiitfi 



GGCnCCOGBeGnBfflC^^ 

G L P G V G V R L G L R A A G 6 H Q R H A E S S A 6 D S G R F P R R 
A S P G S A S G I G 1 G R P G G T S D V R R A A Q A T Q G A S P A G 
P P R G R R P A G V E 6 G R G E P A T C 6 E Q R R R L R A L P P Q V 

• 1 1 i « • ■ ■ i i ■ ■ ■ 

(mTCCTTCTOGGTGra^ 

P S F R Q V S C L K E L V A R V L Q R L C E R G A K N V L A F 6 F A I L D 6 A R 

• •t«t*itfiii 

cimcoraGGCcm^ 

G 6 P P E A F T T S V R S Y L P H T V T D A I R G S 6 A I G L L L R R V G D D V 



GCTGGTTCACCTGCTGGC^^ 

L V H L L A R C A L F V L V A P S C A Y Q V C G P P L Y Q I G A A T 0 A R P P P 

• ■■(•••■•tii 

ACAC6CTAGTGGACCCC6AAfi6C6TCTGGGATGCGAACGG6XTljGAAC^ 

H A S G P R R R L G C E R A I N H S V R E A 6 V P L G L P A P 6 A R R R 6 G S A 

■ Iflltfil III 

CAGCt^TCTOGniJCaM 

S R S L P L P K R P R R G A A P E P E R T P V 6 Q G S I A H P G R T R G P S 0 R 

T(mTCTGTGTGGTGTCACCT6CCAGACC(mGAA(M^ 

G F C V V S P A R P A E E A T S L E G A L S G T R H 3 H P S V G R Q H H A G P P 

i • * t « « i i i • • • 

ATMCGCGG!m(^^ 

STSRPPRPWDTPCPPVYAETKHFLYSSGDKEQLRPSFLLS 

CTCTCTGAGGttX^ 

SLRPSLTGARRLVETIFLGSRPVUPGTPRRLPRLPQRYVQ 

MTGCGGOCCTGTOTI^^ 

URPL F LELLGKHAQC PYGVLLKT HCP L RAAVTPAA6VCAR 

• •••••••■••I 

GGAGAAIJCCCCAGGG^ 

E K P 0 G S V A A P E E E D T D P R R L V 0 L L R Q H 8 8 P I Q V Y 6 F V R A C 



LRRLVPPGlWGSRHNERRFLRNTKKFISLGKHAKLStQEL 



Fig. UAH 
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TWKUSVRDCAWLRRSPGVGCVPAAEHRLREEILAKFLHWL 

i t * i t i « • t « t t 

WTGAGTGTGTACGmWGCTOTCmCMATGTCACim 

USVYVVELLRSFFYVTETTFQKNRLFFYRKSVWSKLQSIG 
MTCAGACAGOT^ 

IRQHLKRVQLRELSEAEVRQHREARPALLTSRLRFIPKPO 

■ •••■t«i«i*i 

aSGffiGGBMTfl^ 

GLRPIVNHDYVVGARTFRREKRAERLTSRVKALFSVLNYE 

6(m(EGGCGCimttTCaG(3(M^ 

RARRPGLLGASVLGLDDIHRAWRTFVLRVRAQDPPPELYF 

tgtcaag mmmmimmmm]mmimm]mmmmk]mmik 

V K D R L T E V I A S I I K P Q N T Y C V R R Y A V V Q 

GAATOC«(MCT(OT^ 

KAAHGHVRKAFKSHVSTLTDLQPYURQFVAHLQETSPLRD 

TGCCGTCGTWTt^GCAGAfiCrrCCTCCCTGAATGA^^ 

A V V I E Q S S S L N E A S S G L F D V F L R F U C H H A V R I R G K S Y V Q C 

CtmATimAGGGCTCCATOTCCACG^ 

0 G I P Q G S I L S T L L C S L C Y G D U E R K L F A G I R R D G L L L R L V 0 

TGAMnGOTGAMCCTMCCTM^ 

0 F I L V T P H L T H A K T F L R T L V R G V P E Y G C Y V R L R K T V V R F P 
TGTAGAAGACGAGGCCCTIOT 

VEDEALGGTAFVQRPAHGLFPiCGLLLDTRTLEVQSDYSS 

• • » ■ i I t ■ • I • • 

(HATGCCCGGACCTCC^^^ 

YARTSIRASLTFNRGFKAGRNIRRRKLFGVLRLKCHSLFLO 

• • • • • * i * • • t ■ 

TnGCAGGTIWM^^ 

LQVNSLQTVCTNIYK I LLLQAYRFHACVLQLPFHQQVWKN 

• ■ • i iiititii 

ccimTTmmMc^^ 

P T F F L R V I S D T A S L C Y S I L K A K H A G I S L G A K G A A G P L P S E 

• • • I • t i • • i ■ t 

GGOTGMGTG!jCM(XACCM(^ 

AVQWLCHQAFLLKITRHRVTYVPLL6SLRTAQTQLSRKLP 

Fig. 11AI 
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» • » t t ...... . 

GGGGACGACW^ 

GTTLTALEAAANPALPSDFKTILD 
CTGTCACGC(W 
GAGTCTMMTM^ 

» • • » » i • • i i » • 

«MTG(iGAGCOTWTTTO 

It! 

AATACTGMTATATGAGTTmCABTTTTGA 



Fig. UAJ 
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Truncated protein that lacks motif A (ver. 2) 

ATGCCGCGCGCTIMOT 

UPRAPRCRAVRSLLR SHTREVLPLATFV 
RRLGPQ6WRLVQRGDPAAFRALVAQCLVCVPWDARPPPAA 



GGOMimMMKM 

GLP6VGVRL6LRAAGGNQRHAESSAGDSGRFPRR 
A S P G S A S G W 6 * G R P G G T S D V R R A A Q A T Q 6 A S P A 6 
PPRGRRPAGVEGGRGEPATCGEQRRRLRALPPQV 

CCCCTOmQGTIiTtm 

P S F R 0 V S C L K E L V A R V L Q R L C E R G A K N V L A F G F A L L 0 G A R 

(^GGGimCCimCCTTOM 

G6PPEAFTTSVRSYLPRTVTDALRGSGAWGLLLRRVGD0V 

1 • a < * • t ■ • • . • 

OOTWtnGCIGGCAOXTOOT 

L V H L L A R C A L F V L V A P S C A Y Q V C G P P L Y Q L G A A T 0 A R P P P 
ACACGCTAGTGGAC^^ 

h a s g p r r r l g c e r a i n h s v r e a g v p l g l p a p g a r r r g g s a 
imsaagtctgciot 

srslplpkrprrgaapepertpvgogswahpgrtrgpsdr 

tgotctgtihggtgtca^^ 

g f c v v 5 p a r p a e e a t s l e 6 a l s g t r h 8 h p 8 v g r q h h a g p p 

ATMtMMTlM^ 

STSRPPRPWDTPCPPVYAETKHFLYSSGDKEQLRPSFLIS 

• ■ • * ■ » . ■ i t • i 

CTCTCTI^mmOTGCT 

SLR PSLTGAR R LVE T I FLGSR PWIIPGT PRRLP R LPGR YWO 

** a *t«tiitii 

MTGCGGOTGTTTCTGGAOT 

y R P L F L E L L G II H A Q C P Y G V L L K T H C P L R A A V T P A A G V C A R 

GGAGMGCCCCAGG^^ 

E K P Q G S V A A P E £ E D T D P R R L V 0 L L R Q H S S P i Q V Y G F V R A C 

(MCGGCTGGTGim^ 

L R R L V P P G I » 6 8 R K H E R R F L R N T K K F I S L 6 K H A K L S I Q E L 
GMBTGGWGATGAGCGTGIWTO 

T W K I S V R 0 C A » t R R S P G V G C V P A A E H R L R E E I L A K F L H » L 

Fig. 11AK 
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GATGAIflffliTAC^ 

HSVYVVELLRSFFYVTETTF0KNRLFFYRKSVVSKLQSI6 

I B 0 H L K R V 0 L R E L S E A E V R Q H R E A R P A L L T S R L R F I P K P D 

(OTGCGGOTGTM 

G I R P I V H V 0 Y V V G A R T F R R E K R A E R L T S R V K A L F S V L N Y E 

GCGGfi!fflMGCCCCG(^ 

R A R R P G L L G A S V L G L D D I H R A I R T F V L R V R A Q 0 P P P E L Y F 

TGTCAAG GA(M!TtoCGGAGGTCAT^^ 

V K 0 R L T E V I A 8 I I K P Q H T Y C V R R Y A V V Q 
GAAGGIXGOTGG^^ 

KAAH6HVR KAFKSHVSTLTDLQPYHR QFVAHLQETSPLRD 

A V V I E Q S S S L II E A 8 S 6 L F D V F L R F U C H H A V R I R G K S Y V Q C 
CCATOTOCAIjGGOT 

Q G I P Q G S I L S T L L C S L C Y G D V E N K L F A G I R R 0 G L L L R L V D 

'■•••••■■■it 

TGATITCnfnTGGTGACACCTCMXnCACC^ 

DFLLVTPHLTHAKTFLRTLVRGIfPEYGCVVRLRKTVVHFP 

TGTAGMGAMWiGCCCOT 

V E D E A L G 6 T A F V Q II P A H G L F P W C G L L L 0 T R T L E V Q S 0 Y S R 



* 



TGCCACAGIiGTCOTCGTIOT 



Fig. UAL 
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Lacks motif A and altered C-terminus (ver. 2) 

ATGCCGCGCGCT^ 

HPRAPRCRAVRSLLRSHTHEVLPLATFV 

••••*>•••,.. 

RRLGPQGWRLVQRGDPAAFRALVAQCLVCVPHDARPPPAA 



GG(m;(M5TCGGKT(mCTGGGGm 

G L P G V G V R L 6 L R A A G G N Q R H A E S S A G D S G R F P R R 
A 8 P G S A S G V G * G R P G G T S D V R R A A Q A T Q G A S P A G 
PPRGRRPAGVEGGRGEPATCGEQRRRLRALPPQV 

• |* * • * •••••• i 

(XCCTCCTTCCIiCI^ 

PSFRQVSCLKELVARVLQRLCERGAKNVLAFGFALLDGAR 

' ■ ■ • • i i • * t ■ • 

cGGGtmcccccimmttccAC^ 

6 G P P E A F T T S V R S Y L P N T V T D A L B G S G A I 6 L L L R R V G 0 D V 
GCTGGTTMOTGCTGGIMOT 

L V H L L A R C A L F V L V A P 5 C A Y Q V C G P P L Y 0 L G A A T D A R P P P 
AIMHAGTGGAIXCCGAAOT 

H A S G P R R R L G C E R A W H H S V R E A G V P L G L P A P G A R R R G G S A 

• 1 1 ■ • • i " i ■ • t • 

CAGCCGMCTGCCGTTGC^^ 

S R S L P L P K R P R R G A A P E P E R T P V G Q G S I A H P 6 R T R G P S 0 R 
TGGTTTCIGnffliinGTEACT 

G F C V V S P A R P A E E A T 8 L E G A L S G T R H S H P 8 V G R fl H H A G P P 
ATCCACAICGCS^^ 

STSRPPRPIDTPCPPVYAETKHFLYSSGOKEQIRPSFLLS 
CnnCTGAGGCCCA^ 

SLRPSLTGARRLVETIFLGSRPWUPGTPRRLPRLPQRYWQ 
MTCIOTOTTTTCTGGAGCTG^ 

URPLFLELLGNKAGCPYGVLLKTHCPLRAAVTPAAGVCAR 
GGAGAAGtOTSGGCTCTGM 

E K P Q G S V A A P E E E D T D P R R L V 0 L L R Q H S S P I Q V Y G F V R A C 

OTG(OTGGTG(ra«TCTM 

LRRLVPPGLWGSRHKERRFLRNTKKFISLGKHAKLSLQEL 
GACGTGGAAGATGAG^^ 

T « K R S V R D C A W t R R 8 P G V G C V P A A E H R L R E E I L A K F L H » L 

Fig. HAM 
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«TO«TC<« 

MSVYVVELLflSFFYVTETTFQKHRLFFYflKSVWSKLQSIG 

III! •**■•*■• 

IRQHLKRVQLRELSEAEVRQHREARPALLTSRLRFIPKPO 
CGGGCTS^ 

GLRPIVNIIOYVVGARTFRREKRAERLTSRVKALFSVLHYE 

GCGimraxcimm^ 

R A R R P G L L G A S V L G L 0 D I H R A I R T F V L R V R A Q 0 P P P E L Y F 



tgtcaag (jaimmiggaggtcatc^^ 

v k drltev iasi ikpqntycvrryavvq 

hagghimjG^^ 

kaahg hvrkafks hvs tlto lqpyurqfvahlqetsplrd 

» « • • t i i • ■ ■ t ■ 

TNMGTIOTCQ^^ 

A V V I E Q S S S L N E A S S G L F D V F L R F y C H H A V R I R G K S Y V Q C 

• llttaaaittl 

CCAGGGGAT(mAraCWTOTCT(Mffi 

Q6IPQ6SI LSTL LCSLCYGDUENKLFAG I RRDGLLLRLVD 
TIMTtTTGTTGGTGACATO 

DFLLVTPHLTHAKTFLRTLVRGVPEYGCVVNLRKTVVKFP 

TGTAG^ASACGAGGCCCTGGGTGGCACGGCTTTT^ 

V E 0 E A L G G T A F V fl I P A H G L F P I C G L L L D T R T L E V 0 S 0 Y S S 
OTAflmGGOmi^ 

Y A R T S I R A S L T F N R G F K A G R N II R R K L F 6 V L R L K C H S L F L D 
TTTGBVSRMI^ 

L 0 V N S L Q T V C T M I Y K I L L L Q A Y R F H A C V L Q L P F H 0 0 V I K N 



CCCCAttTMOTGOTWTCTCTGACACGGOT 

PTFF LRVISDTASLCYSILKAKNAE 

I 

EENILVVTPAVLGS 

GGGACAGMIGA^^ 

GQPEUEPPRRPSGVGSFPVSPGRGVGLGL* 



Fig. HAN 
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rsi in 



SUBSTITUTE SHEET (RULE 26) 



WO 99/01560 



PCTAJS98/13835 



57/68 



Bsm I (7523) 
Eco NI (7154) 

BamH I 



Nco I 
Bsi WI 
Spliced Exon Alpha 
RT Motif A 

Xho I (6285) 
Pae R7I (6285) 

Unspliced Intron 1 
Motif 2 

Aat II (61751 
Motif 1 
TeloBox 



Msc I (5944) 
Psh AI (5654) 
Eco 47IU (5473) 



Bgl II (4539) 
EcoR I (4533) 
lac S/D 
lac UV5 -10 
trp -35' 



Sap I (4190) 



Sal I (1) 
Acc I (2) 
Hind Iff (19) 
rmB ter 




Bel I (1460) 
lacl Q 

■ffpa I (1952) 



Sea I (2704) 



Fig. I3A 
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LOCUS pAKI28.4 7615 bp dsDNA Circular 
DEFINITION Human telomerase clone with exon beta spliced out 

1 tcgacctgca ggcatgcaag cttggcactg gccgtcgttt tacaacgtcg tgactgggaa 

61 aaccctggcg ttacccaact taatcgcctt gcagcacatc cccctttcgc cagctggcgt 

121 aatagcgaag aggcccgcac cgatcgccct tcccaacagt tgcgcagcct gaatggcgaa 

181 tggcgcctga tgcggtattt tctccttacg catctgtgcg gtatttcaca ccgcataaat 

241 tccctgtttt ggcggatgag agaagatttt cagcctgata cagattaaat cagaacgcag 

301 aagcggtctg ataaaacaga atttgcctgg cggcagtagc gcggtggtcc cacctgaccc 

361 catgccgaac tcagaagtga aacgccgtag cgccgatggt agtgtggggt ctccccatgc 

421 gagagtaggg aactgccagg catcaaataa aacgaaaggc tcagtcgaaa gactgggcct 

481 ttcgttttat ctgttgtttg tcggtgaacg ctctcctgag taggacaaat ccgccgggag 

541 cggatttgaa cgttgcgaag caacggcccg gagggtggcg ggcaggacgc ccgccataaa 

601 ctgccaggca tcaaattaag cagaaggcca tcctgacgga tggccttttt gcgtttctac 

661 aaactcttcc tgtcgtcata tctacaagcc atccccccac agatacggta aactagcctc 

721 gtttttgcat caggaaagca gggaatttat ggtgcactct cagtacaatc tgctctgatg 

781 ccgcatagtt aagccagccc cgacacccgc caacacccgc tgacgcgccc tgacgggctt 

841 gtctgctccc ggcatccgct tacagacaag ctgtgaccgt ctccgggagc tgcatgtgtc 

901 agaggttttc accgtcatca ccgaaacgcg cgagacgaaa gggcctcgtg atacgcctat 

961 ttttataggt taatgtcatg ataataatgg tttcttagac gtgaggttct gtacccgaca 

1021 ccatcgaatg gtgcaaaacc tttcgcggta tggcatgata gcgcccggaa gagagtcaat 

1081 tcagggtggt gaatgtgaaa ccagtaacgt tatacgatgt cgcagagtat gccggtgtct 

1141 cttatcagac cgtttcccgc gtggtgaacc aggccagcca cgtttctgcg aaaacgcggg 

1201 aaaaagtgga agcggcgatg gcggagctga attacattcc caaccgcgtg gcacaacaac 

1261 tggcgggcaa acagtcgttg ctgattggcg ttgccacctc cagtctggcc ctgcacgcgc 

1321 cgtcgcaaat tgtcgcggcg attaaatctc gcgccgatca actgggtgcc agcgtggtgg 

1381 tgtcgatggt agaacgaagc ggcgtcgaag cctgtaaagc ggcggtgcac aatcttctcg 

1441 cgcaacgcgt cagtgggctg atcattaact atccgctgga tgaccaggat gccattgctg 

1501 tggaagctgc ctgcactaat gttccggcgt tatttcttga tgtctctgac cagacaccca 

1561 tcaacagtat tattttctcc catgaagacg gtacgcgact gggcgtggag catctggtcg 

1621 cattgggtca ccagcaaatc gcgctgttag cgggcccatt aagttctgtc tcggcgcgtc 

1681 tgcgtctggc tggctggcat aaatatctca ctcgcaatca aattcagccg atagcggaac 

1741 gggaaggcga ctggagtgcc atgtccggtt ttcaacaaac catgcaaatg ctgaatgagg 

1801 gcatcgttcc cactgcgatg ctggttgcca acgatcagat ggcgctgggc gcaatgcgcg 

1861 ccattaccga gtccgggctg cgcgttggtg cggatatctc ggtagtggga tacgacgata 

1921 ccgaagacag ctcatgttat atcccgccgt taaccaccat caaacaggat tttcgcctgc 

1981 tggggcaaac cagcgtggac cgcttgctgc aactctctca gggccaggcg gtgaagggca 

2041 atcagctgtt gcccgtctca ctggtgaaaa gaaaaaccac cctggcgccc aatacgcaaa 

2101 ccgcctctcc ccgcgcgttg gccgattcat taatgcagct ggcacgacag gtttcccgac 

2161 tggaaagcgg gcagtgagcg caacgcaatt aatgtaagtt agctcactca ttaggcaccc 

2221 caggctttac actttatgct tccgacctgc aagaacctca cgtcaggtgg cacttttcgg 

2281 ggaaatgtgc gcggaacccc tatttgttta tttttctaaa tacattcaaa tatgtatccg 

2341 ctcatgagac aataaccctg ataaatgctt caataatatt gaaaaaggaa gagtatgagt 

2401 attcaacatt tccgtgtcgc ccttattccc ttttttgcgg cattttgcct tcctgttttt 

2461 gctcacccag aaacgctggt gaaagtaaaa gatgctgaag atcagttggg tgcacgagtg 

2521 ggttacatcg agaactggat ctcaacagcg gtaagatcct tgagagtttt cgccccgaag 

2581 aacgttttcc aatgatgagc acttttaaag ttctgctatg tggcgcggta ttatcccgta 

2641 ttgacgccgg gcaagagcaa ctcggtcgcc gcatacacta ttctcagaat gacttggttg 

Fig. 13B 
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2701 agtactcacc agtcacagaa aagcatctta 
2761 gtgctgccat aaccatgagt gataacactg 
2821 gaccgaagga gctaaccgct tttttgcaca 
2881 gttgggaacc ggagctgaat gaagccatac 
2941 tagcaatggc aacaacgttg cgcaaactat 
3001 ggcaacaatt aatagactgg atggaggcgg 
3061 cccttccggc tggctggttt attgctgata 
3121 gtatcattgc agcactgggg ccagatggta 
3181 cggggagtca ggcaactatg gatgaacgaa 
3241 tgattaagca ttggtaactg tcagaccaag 
3301 aacttcattt ttaatttaaa aggatctagg 
3361 aaatccctta acgtgagttt tcgttccact 
3421 gatcttcttg agatcctttt tttctgcgcg 
3481 cgctaccagc ggtggtttgt ttgccggatc 
3541 ctggcttcag cagagcgcag ataccaaata 
3601 accacttcaa gaactctgta gcaccgccta 
3661 tggctgctgc cagtggcgat aagtcgtgtc 
3721 cggataaggc gcagcggtcg ggctgaacgg 
3781 gaacgaccta caccgaactg agatacctac 
3841 ccgaagggag aaaggcggac aggtatccgg 
3901 cgagggagct tccaggggga aacgcctggt 
3961 tctgacttga gcgtcgattt ttgtgatgct 
4021 ccagcaacgc ggccttttta cggttcctgg 
4081 ttcctgcgtt atcccctgat tctgtggata 
■ 4141 ccgctcgccg cagccgaacg accgagcgca 
4201 gcccaatacg caaaccgcct ctccccgcgc 
4261 ctcatgtttg acagcttatc atcgactgca 
4321 ccatcggaag ctgtggtatg gctgtgcagg 
4381 aaggcgcact cccgttctgg ataatgtttt 
4441 tattctgaaa tgagctgttg acaattaatc 
4501 cggataacaa tttcacacag gaaacagcga 
4561 tggcccgagt gctgcagagg ctgtgcgagc 
4621 tcgcgctgct ggacggggcc cgcgggggcc 
4681 gctacctgcc caacacggtg accgacgcac 
4741 tgcgccgcgt gggcgacgac gtgctggttc 
4801 tggtggctcc cagctgcgcc taccaggtgt 
4861 ccactcaggc ccggcccccg ccacacgcta 
4921 gggcctggaa ccatagcgtc agggaggccg 
4981 cgaggaggcg cgggggcagt gccagccgaa 
5041 gcgctgcccc tgagccggag cggacgcccg 
5101 ggacgcgtgg accgagtgac cgtggtttct 
5161 aagccacctc tttggagggt gcgctctctg 
5221 gccagcacca cgcgggcccc ccatccacat 
5281 gtcccccggt gtacgccgag accaagcact 
5341 tgcggccctc cttcctactc agctctctga 
5401 tggagaccat ctttctgggt tccaggccct 
5461 gcctgcccca gcgctactgg caaatgcggc 
5521 cgcagtgccc ctacggggtg ctcctcaaga 



PCT/US98/13835 



cggatggcat gacagtaaga gaattatgca 
cggccaactt acttctgaca acgatcggag 
acatggggga tcatgtaact cgccttgatc 
caaacgacga gcgtgacacc acgatgcctg 
taactggcga actacttact ctagcttccc 
ataaagttgc aggaccactt ctgcgctcgg 
aatctggagc cggtgagcgt gggtctcgcg 
agccctcccg tatcgtagtt atctacacga 
atagacagat cgctgagata ggtgcctcac 
tttactcata tatactttag attgatttaa 
tgaagatcct ttttgataat ctcatgacca 
gagcgtcaga ccccgtagaa aagatcaaag 
taatctgctg cttgcaaaca aaaaaaccac 
aagagctacc aactcttttt ccgaaggtaa 
ctgtccttct agtgtagccg tagttaggcc 
catacctcgc tctgctaatc ctgttaccag 
ttaccgggtt ggactcaaga cgatagttac 
ggggttcgtg cacacagccc agcttggagc 
agcgtgagca ttgagaaagc gccacgcttc 
taagcggcag ggtcggaaca ggagagcgca 
atctttatag tcctgtcggg tttcgccacc 
cgtcaggggg gcggagccta tggaaaaacg 
ccttttgctg gccttttgct cacatgttct 
accgtattac cgcctttgag tgagctgata 
gcgagtcagt gagcgaggaa gcggaagagc 
gttggccgat tcattaatgc agaattaatt 
cggtgcacca atgcttctgg cgtcaggcag 
tcgtaaatca ctgcataatt cgtgtcgctc 
ttgcgccgac atcataacgg ttctggcaaa 
atcggctcgt ataatgtgtg gaattgtgag 
tgaattcaga tctcaccatg aaggagctgg 
gcggcgcgaa gaacgtgctg gccttcggct 
cccccgaggc cttcaccacc agcgtgcgca 
tgcgggggag cggggcgtgg gggctgctgc 
acctgctggc acgctgcgcg ctctttgtgc 
gcgggccgcc gctgtaccag ctcggcgctg 
gtggaccccg aaggcgtctg ggatgcgaac 
gggtccccct gggcctgcca gccccgggtg 
gtctgccgtt gcccaagagg cccaggcgtg 
ttgggcaggg gtcctgggcc cacccgggca 
gtgtggtgtc acctgccaga cccgccgaag 
gcacgcgcca ctcccaccca tccgtgggcc 
cgcggccacc acgtccctgg gacacgcctt 
tcctctactc ctcaggcgac aaggagcagc 
ggcccagcct gactggcgct cggaggctcg 
ggatgccagg gactccccgc aggttgcccc 
ccctgtttct ggagctgctt gggaaccacg 
cgcactgccc gctgcgagct gcggtcaccc 

Fig. 13C 
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5581 cagcagccgg tgtctgtgcc cgggagaagc cccagggctc tgtggcggcc cccgaggagg 
5641 aggacacaga cccccgtcgc ctggtgcagc tgctccgcca gcacagcagc ccctggcagg 
5701 tgtacggctt cgtgcgggcc tgcctgcgcc ggctggtgcc cccaggcctc tggggctcca 
5761 ggcacaacga acgccgcttc ctcaggaaca ccaagaagtt catctccctg gggaagcatg 
5821 ccaagctctc gctgcaggag ctgacgtgga agatgagcgt gcgggactgc gcttggctgc 
5881 gcaggagccc aggggttggc tgtgttccgg ccgcagagca ccgtctgcgt gaggagatcc 
5941 tggccaagtt cctgcactgg ctgatgagtg tgtacgtcgt cgagctgctc aggtctttct 
6001 tttatgtcac ggagaccacg tttcaaaaga acaggctctt tttctaccgg aagagtgtct 
6061 ggagcaagtt gcaaagcatt ggaatcagac agcacttgaa gagggtgcag ctgcgggagc 
6121 tgtcggaagc agaggtcagg cagcatcggg aagccaggcc cgccctgctg acgtccagac 
6181 tccgcttcat ccccaagcct gacgggctgc ggccgattgt gaacatggac tacgtcgtgg 
6241 gagccagaac gttccgcaga gaaaagaggg ccgagcgtct cacctcgagg gtgaaggcac 
6301 tgttcagcgt gctcaactac gagcgggcgc ggcgccccgg cctcctgggc gcctctgtgc 
6361 tgggcctgga cgatatccac agggcctggc gcaccttcgt gctgcgtgtg cgggcccagg 
6421 acccgccgcc tgagctgtac tttgtcaagg tggatgtgac gggcgcgtac gacaccatcc 
6481 cccaggacag gctcacggag gtcatcgcca gcatcatcaa accccagaac acgtactgcg 
6541 tgcgtcggta tgccgtggtc cagaaggccg cccatgggca cgtccgcaag gccttcaaga 
6601 gccacgtcct acgtccagtg ccaggggatc ccgcagggct ccatcctctc cacgctgctc 
6661 tgcagcctgt gctacggcga catggagaac aagctgtttg cggggattcg gcgggacggg 
6721 ctgctcctgc gtttggtgga tgatttcttg ttggtgacac ctcacctcac ccacgcgaaa 
6761 acttcctcag gacctggtcc gaagtgtcct gagtatggct gcgtggtgaa cttgcggaag 
6841 acagtggtga acttccctgt agaagacgaa gccctgggtg gcacggcttt tgttcagatg 
6901 ccggcccacg gcctattccc ctggtgcggc ctgctgctgg atacccggac cctggaggtg 
6961 cagagcgact actccagcta tgcccggacc tccatcagag ccagtctcac cttcaaccgc 
7021 ggcttcaagg ctgggaggaa catgcgtcgc aaactctttg gggtcttgcg gctgaagtgt 
7081 cacagcctgt ttctggattt gcaggtgaac agcctccaga cggtgtgcac caacatctac 
7141 aagatcctcc tgctgcaggc gtacaggttt cacgcatgtg tgctgcagct cccatttcat 
7201 cagcaagttt ggaagaaccc cacatttttc ctgcgcgtca tctctgacac ggcctccctc 
7261 tgctactcca tcctgaaagc caagaacgca gccgaagaaa acatttctgt cgtgactcct 
7321 gcggtgcttg ggtcgggaca gccagagatg gagccacccc gcagaccgtc gggtgtgggc 
7381 agctttccgg tgtctcctgg gaggggagtt gggctgggcc tgtgactcct cagcctctgt 
7441 tttcccccag ggatgtcgct gggggccaag ggcgccgccg gccctctgcc ctccgaggcc 
7501 gtgcagtggc tgtgccacca agcattcctg ctcaagctga ctcgacaccg tgtcacctac 
7561 gtgccactcc tggggtcact caggacaggc aagtgtgggt ggaggccagt gcggg 
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LOCUS pAKI28.7 7797 bp dsDMA Circular 
DEFINITION Human telomerase clone with alternative C-terminus 

1 tcgacctgca ggcatgcaag cttggcactg gccgtcgttt tacaacgtcg tgactgggaa 

61 aaccctggcg ttacccaact taatcgcctt gcagcacatc cccctttcgc cagctggcgt 

121 aatagcgaag aggcccgcac cgatcgccct tcccaacagt tgcgcagcct gaatggcgaa 

181 tggcgcctga tgcggtattt tctccttacg catctgtgcg gtatttcaca ccgcataaat 

241 tccctgtttt ggcggatgag agaagatttt cagcctgata cagattaaat cagaacgcag 

301 aagcggtctg ataaaacaga atttgcctgg cggcagtagc gcggtggtcc cacctgaccc 

361 catgccgaac tcagaagtga aacgccgtag cgccgatggt agtgtggggt ctccccatgc 

421 gagagtaggg aactgccagg catcaaataa aacgaaaggc tcagtcgaaa gactgggcct 

481 ttcgttttat ctgttgtttg tcggtgaacg ctctcctgag taggacaaat ccgccgggag 

541 cggatttgaa cgttgcgaag caacggcccg gagggtggcg ggcaggacgc ccgccataaa 

601 ctgccaggca tcaaattaag cagaaggcca tcctgacgga tggccttttt gcgtttctac 

661 aaactcttcc tgtcgtcata tctacaagcc atccccccac agatacggta aactagcctc 

721 gtttttgcat caggaaagca gggaatttat ggtgcactct cagtacaatc tgctctgatg 

781 ccgcatagtt aagccagccc cgacacccgc caacacccgc tgacgcgccc tgacgggctt 

841 gtctgctccc ggcatccgct tacagacaag ctgtgaccgt ctccgggagc tgcatgtgtc 

901 agaggttttc accgtcatca ccgaaacgcg cgagacgaaa gggcctcgtg atacgcctat 

961 ttttataggt taatgtcatg ataataatgg tttcttagac gtgaggttct gtacccgaca 

1021 ccatcgaatg gtgcaaaacc tttcgcggta tggcatgata gcgcccggaa gagagtcaat 

1081 tcagggtggt gaatgtgaaa ccagtaacgt tatacgatgt cgcagagtat gccggtgtct 

1141 cttatcagac cgtttcccgc gtggtgaacc aggccagcca cgtttctgcg aaaacgcggg 

1201 aaaaagtgga agcggcgatg gcggagctga attacattcc caaccgcgtg gcacaacaac 

1261 tggcgggcaa acagtcgttg ctgattggcg ttgccacctc cagtctggcc ctgcacgcgc 

1321 cgtcgcaaat tgtcgcggcg attaaatctc gcgccgatca actgggtgcc agcgtggtgg 

1381 tgtcgatggt agaacgaagc ggcgtcgaag cctgtaaagc ggcggtgcac aatcttctcg 

1441 cgcaacgcgt cagtgggctg atcattaact atccgctgga tgaccaggat gccattgctg 

1501 tggaagctgc ctgcactaat gttccggcgt tatttcttga tgtctctgac cagacaccca 

1561 tcaacagtat tattttctcc catgaagacg gtacgcgact gggcgtggag catctggtcg 

1621 cattgggtca ccagcaaatc gcgctgttag cgggcccatt aagttctgtc tcggcgcgtc 

1681 tgcgtctggc tggctggcat aaatatctca ctcgcaatca aattcagccg atagcggaac 

1741 gggaaggcga ctggagtgcc atgtccggtt ttcaacaaac catgcaaatg ctgaatgagg 

1801 gcatcgttcc cactgcgatg ctggttgcca acgatcagat ggcgctgggc gcaatgcgcg 

1861 ccattaccga gtccgggctg cgcgttggtg cggatatctc ggtagtggga tacgacgata 

1921 ccgaagacag ctcatgttat atcccgccgt taaccaccat caaacaggat tttcgcctgc 

1981 tggggcaaac cagcgtggac cgcttgctgc aactctctca gggccaggcg gtgaagggca 

2041 atcagctgtt gcccgtctca ctggtgaaaa gaaaaaccac cctggcgccc aatacgcaaa 

2101 ccgcctctcc ccgcgcgttg gccgattcat taatgcagct ggcacgacag gtttcccgac 

2161 tggaaagcgg gcagtgagcg caacgcaatt aatgtaagtt agctcactca ttaggcaccc 

2221 caggctttac actttatgct tccgacctgc aagaacctca cgtcaggtgg cacttttcgg 

2281 ggaaatgtgc gcggaacccc tatttgttta tttttctaaa tacattcaaa tatgtatccg 

2341 ctcatgagac aataaccctg ataaatgctt caataatatt gaaaaaggaa gagtatgagt 

2401 attcaacatt tccgtgtcgc ccttattccc ttttttgcgg cattttgcct tcctgttttt 

2461 gctcacccag aaacgctggt gaaagtaaaa gatgctgaag atcagttggg tgcacgagtg 

2521 ggttacatcg agaactggat ctcaacagcg gtaagatcct tgagagtttt cgccccgaag 

2581 aacgttttcc aatgatgagc acttttaaag ttctgctatg tggcgcggta ttatcccgta 

2641 ttgacgccgg gcaagagcaa ctcggtcgcc gcatacacta ttctcagaat gacttggttg 
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2701 agtactcacc agtcacagaa aagcatctta 

2761 gtgctgccat aaccatgagt gataacactg 

2821 gaccgaagga gctaaccgct tttttgcaca 

2881 gttgggaacc ggagctgaat gaagccatac 

2941 tagcaatggc aacaacgttg cgcaaactat 

3001 ggcaacaatt aatagactgg atggaggcgg 

3061 cccttccggc tggctggttt attgctgata 

3121 gtatcattgc agcactgggg ccagatggta 

3181 cggggagtca ggcaactatg gatgaacgaa 

3241 tgattaagca ttggtaactg tcagaccaag 

3301 aacttcattt ttaatttaaa aggatctagg 

3361 aaatccctta acgtgagttt tcgttccact 

3421 gatcttcttg agatcctttt tttctgcgcg 

3481 cgctaccagc ggtggtttgt ttgccggatc 

3541 ctggcttcag cagagcgcag ataccaaata 

3601 accacttcaa gaactctgta gcaccgccta 

3661 tggctgctgc cagtggcgat aagtcgtgtc 

3721 cggataaggc gcagcggtcg ggctgaacgg 

3781 gaacgaccta caccgaactg agatacctac 

3841 ccgaagggag aaaggcggac aggtatccgg 

3901 cgagggagct tccaggggga aacgcctggt 

3961 tctgacttga gcgtcgattt ttgtgatgct 

4021 ccagcaacgc ggccttttta cggttcctgg 

4081 ttcctgcgtt atcccctgat tctgtggata 

4141 ccgctcgccg cagccgaacg accgagcgca 

4201 gcccaatacg caaaccgcct ctccccgcgc 

4261 ctcatgtttg acagcttatc atcgactgca 

4321 ccatcggaag ctgtggtatg gctgtgcagg 

4381 aaggcgcact cccgttctgg ataatgtttt 

4441 tattctgaaa tgagctgttg acaattaatc 

4501 cggataacaa tttcacacag gaaacagcga 

4561 tggcccgagt gctgcagagg ctgtgcgagc 

4621 tcgcgctgct ggacggggcc cgcgggggcc 

4681 gctacctgcc caacacggtg accgacgcac 

4741 tgcgccgcgt gggcgacgac gtgctggttc 

4801 tggtggctcc cagctgcgcc taccaggtgt 

4861 ccactcaggc ccggcccccg ccacacgcta 

4921 gggcctggaa ccatagcgtc agggaggccg 

4981 cgaggaggcg cgggggcagt gccagccgaa 

5041 gcgctgcccc tgagccggag cggacgcccg 

5101 ggacgcgtgg accgagtgac cgtggtttct 

5161 aagccacctc tttggagggt gcgctctctg 

5221 gccagcacca cgcgggcccc ccatccacat 

5281 gtcccccggt gtacgccgag accaagcact 

5341 tgcggccctc cttcctactc agctctctga 

5401 tggagaccat ctttctgggt tccaggccct 

5461 gcctgcccca gcgctactgg caaatgcggc 

5521 cgcagtgccc ctacggggtg ctcctcaaga 
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cggatggcat gacagtaaga gaattatgca 
cggccaactt acttctgaca acgatcggag 
acatggggga tcatgtaact cgccttgatc 
caaacgacga gcgtgacacc acgatgcctg 
taactggcga actacttact ctagcttccc 
ataaagttgc aggaccactt ctgcgctcgg 
aatctggagc cggtgagcgt gggtctcgcg 
agccctcccg tatcgtagtt atctacacga 
atagacagat cgctgagata ggtgcctcac 
tttactcata tatactttag attgatttaa 
tgaagatcct ttttgataat ctcatgacca 
gagcgtcaga ccccgtagaa aagatcaaag 
taatctgctg cttgcaaaca aaaaaaccac 
aagagctacc aactcttttt ccgaaggtaa 
ctgtccttct agtgtagccg tagttaggcc 
catacctcgc tctgctaatc ctgttaccag 
ttaccgggtt ggactcaaga cgatagttac 
ggggttcgtg cacacagccc agcttggagc 
agcgtgagca ttgagaaagc gccacgcttc 
taagcggcag ggtcggaaca ggagagcgca 
atctttatag tcctgtcggg tttcgccacc 
cgtcaggggg gcggagccta tggaaaaacg 
ccttttgctg gccttttgct cacatgttct 
accgtattac cgcctttgag tgagctgata 
gcgagtcagt gagcgaggaa gcggaagagc 
gttggccgat tcattaatgc agaattaatt 
cggtgcacca atgcttctgg cgtcaggcag 
tcgtaaatca ctgcataatt cgtgtcgctc 
ttgcgccgac atcataacgg ttctggcaaa 
atcggctcgt ataatgtgtg gaattgtgag 
tgaattcaga tctcaccatg aaggagctgg 
gcggcgcgaa gaacgtgctg gccttcggct 
cccccgaggc cttcaccacc agcgtgcgca 
tgcgggggag cggggcgtgg gggctgctgc 
acctgctggc acgctgcgcg ctctttgtgc 
gcgggccgcc gctgtaccag ctcggcgctg 
gtggaccccg aaggcgtctg ggatgcgaac 
gggtccccct gggcctgcca gccccgggtg 
gtctgccgtt gcccaagagg cccaggcgtg 
ttgggcaggg gtcctgggcc cacccgggca 
gtgtggtgtc acctgccaga cccgccgaag 
gcacgcgcca ctcccaccca tccgtgggcc 
cgcggccacc acgtccctgg gacacgcctt 
tcctctactc ctcaggcgac aaggagcagc 
ggcccagcct gactggcgct cggaggctcg 
ggatgccagg gactccccgc aggttgcccc 
ccctgtttct ggagctgctt gggaaccacg 
cgcactgccc gctgcgagct gcggtcaccc 
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5581 cagcagccgg tgtctgtgcc cgggagaagc cccagggctc tgtggcggcc cccgaggagg 
5641 aggacacaga cccccgtcgc ctggtgcagc tgctccgcca gcacagcagc ccctggcagg 
5701 tgtacggctt cgtgcgggcc tgcctgcgcc ggctggtgcc cccaggcctc tggggctcca 
5761 ggcacaacga acgccgcttc ctcaggaaca ccaagaagtt catctccctg gggaagcatg 
5821 ccaagctctc gctgcaggag ctgacgtgga agatgagcgt gcgggactgc gcttggctgc 
5881 gcaggagccc aggggttggc tgtgttccgg ccgcagagca ccgtctgcgt gaggagatcc 
5941 tggccaagtt cctgcactgg ctgatgagtg tgtacgtcgt cgagctgctc aggtctttct 
6001 tttatgtcac ggagaccacg tttcaaaaga acaggctctt tttctaccgg aagagtgtct 
6061 ggagcaagtt gcaaagcatt ggaatcagac agcacttgaa gagggtgcag ctgcgggagc 
6121 tgtcggaagc agaggtcagg cagcatcggg aagccaggcc cgccctgctg acgtccagac 
6181 tccgcttcat ccccaagcct gacgggctgc ggccgattgt gaacatggac tacgtcgtgg 
6241 gagccagaac gttccgcaga gaaaagaggg ccgagcgtct cacctcgagg gtgaaggcac 
6301 tgttcagcgt gctcaactac gagcgggcgc ggcgccccgg cctcctgggc gcctctgtgc 
6361 tgggcctgga cgatatccac agggcctggc gcaccttcgt gctgcgtgtg cgggcccagg 
6421 acccgccgcc tgagctgtac tttgtcaagg tggatgtgac gggcgcgtac gacaccatcc 
6481 cccaggacag gctcacggag gtcatcgcca gcatcatcaa accccagaac acgtactgcg 
6541 tgcgtcggta tgccgtggtc cagaaggccg cccatgggca cgtccgcaag gccttcaaga 
6601 gccacgtctc taccttgaca gacctccagc cgtacatgcg acagttcgtg gctcacctgc 
6661 aggagaccag cccgctgagg gatgccgtcg tcatcgagca gagctcctcc ctgaatgagg 
6721 ccagcagtgg cctcttcgac gtcttcctac gcttcatgtg ccaccacgcc gtgcgcatca 
6781 ggggcaagtc ctacgtccag tgccagggga tcccgcaggg ctccatcctc tccacgctgc 
6841 tctgcagcct gtgctacggc gacatggaga acaagctgtt tgcggggatt cggcgggacg 
6901 ggctgctcct gcgtttggtg gatgatttct tgttggtgac acctcacctc acccacgcga 
6961 aaacttcctc aggacctggt ccgaagtgtc ctgagtatgg ctgcgtggtg aacttgcgga 
7021 agacagtggt gaacttccct gtagaagacg aagccctggg tggcacggct tttgttcaga 
7081 tgccggccca cggcctattc ccctggtgcg gcctgctgct ggatacccgg accctggagg 
7141 tgcagagcga ctactccagc tatgcccgga cctccatcag agccagtctc accttcaacc 
7201 gcggcttcaa ggctgggagg aacatgcgtc gcaaactctt tggggtcttg cggctgaagt 
7261 gtcacagcct gtttctggat ttgcaggtga acagcctcca gacggtgtgc accaacatct 
7321 acaagatcct cctgctgcag gcgtacaggt ttcacgcatg tgtgctgcag ctcccatttc 
7381 atcagcaagt ttggaagaac cccacatttt tcctgcgcgt catctctgac acggcctccc 
7441 tctgctactc catcctgaaa gccaagaacg cagccgaaga aaacatttct gtcgtgactc 
7501 ctgcggtgct tgggtcggga cagccagaga tggagccacc ccgcagaccg tcgggtgtgg 
7561 gcagctttcc ggtgtctcct gggaggggag ttgggctggg cctgtgactc ctcagcctct 
7621 gttttccccc agggatgtcg ctgggggcca agggcgccgc cggccctctg ccctccgagg 
7681 ccgtgcagtg gctgtgccac caagcattcc tgctcaagct gactcgacac cgtgtcacct 
7741 acgtgccact cctggggtca ctcaggacag gcaagtgtgg gtggaggcca gtgcggg 
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LOCUS pAKI28.14 7688 bp dsDNA Circular 
DEFINITION Human telomerase clone with exon alpha spliced out 

1 tcgacctgca ggcatgcaag cttggcactg gccgtcgttt tacaacgtcg tgactgggaa 
61 aaccctggcg ttacccaact taatcgcctt gcagcacatc cccctttcgc cagctggcgt 
121 aatagcgaag aggcccgcac cgatcgccct tcccaacagt tgcgcagcct gaatggcgaa 
181 tggcgcctga tgcggtattt tctccttacg catctgtgcg gtatttcaca ccgcataaat 
241 tccctgtttt ggcggatgag agaagatttt cagcctgata cagattaaat cagaacgcag 
301 aagcggtctg ataaaacaga atttgcctgg cggcagtagc gcggtggtcc cacctgaccc 
361 catgccgaac tcagaagtga aacgccgtag cgccgatggt agtgtggggt ctccccatgc 
421 gagagtaggg aactgccagg catcaaataa aacgaaaggc tcagtcgaaa gactgggcct 
481 ttcgttttat ctgttgtttg tcggtgaacg ctctcctgag taggacaaat ccgccgggag 
541 cggatttgaa cgttgcgaag caacggcccg gagggtggcg ggcaggacgc ccgccataaa 
601 ctgccaggca tcaaattaag cagaaggcca tcctgacgga tggccttttt gcgtttctac 
661 aaactcttcc tgtcgtcata tctacaagcc atccccccac agatacggta aactagcctc 
721 gtttttgcat caggaaagca gggaatttat ggtgcactct cagtacaatc tgctctgatg 
781 ccgcatagtt aagccagccc cgacacccgc caacacccgc tgacgcgccc tgacgggctt 
841 gtctgctccc ggcatccgct tacagacaag ctgtgaccgt ctccgggagc tgcatgtgtc 
901 agaggttttc accgtcatca ccgaaacgcg cgagacgaaa gggcctcgtg atacgcctat 
961 ttttataggt taatgtcatg ataataatgg tttcttagac gtgaggttct gtacccgaca 
1021 ccatcgaatg gtgcaaaacc tttcgcggta tggcatgata gcgcccggaa gagagtcaat 
1081 tcagggtggt gaatgtgaaa ccagtaacgt tatacgatgt cgcagagtat gccggtgtct 
1141 cttatcagac cgtttcccgc gtggtgaacc aggccagcca cgtttctgcg aaaacgcggg 
1201 aaaaagtgga agcggcgatg gcggagctga attacattcc caaccgcgtg gcacaacaac 
1261 tggcgggcaa acagtcgttg ctgattggcg ttgccacctc cagtctggcc ctgcacgcgc 
1321 cgtcgcaaat tgtcgcggcg attaaatctc gcgccgatca actgggtgcc agcgtggtgg 
1381 tgtcgatggt agaacgaagc ggcgtcgaag cctgtaaagc ggcggtgcac aatcttctcg 
1441 cgcaacgcgt cagtgggctg atcattaact atccgctgga tgaccaggat gccattgctg 
1501 tggaagctgc ctgcactaat gttccggcgt tatttcttga tgtctctgac cagacaccca 
1561 tcaacagtat tattttctcc catgaagacg gtacgcgact gggcgtggag catctggtcg 
1621 cattgggtca ccagcaaatc gcgctgttag cgggcccatt aagttctgtc tcggcgcgtc 
1681 tgcgtctggc tggctggcat aaatatctca ctcgcaatca aattcagccg atagcggaac 
1741 gggaaggcga ctggagtgcc atgtccggtt ttcaacaaac catgcaaatg ctgaatgagg 
1801 gcatcgttcc cactgcgatg ctggttgcca acgatcagat ggcgctgggc gcaatgcgcg 
1861 ccattaccga gtccgggctg cgcgttggtg cggatatctc ggtagtggga tacgacgata 
1921 ccgaagacag ctcatgttat atcccgccgt taaccaccat caaacaggat tttcgcctgc 
1981 tggggcaaac cagcgtggac cgcttgctgc aactctctca gggccaggcg gtgaagggca 
2041 atcagctgtt gcccgtctca ctggtgaaaa gaaaaaccac cctggcgccc aatacgcaaa 
2101 ccgcctctcc ccgcgcgttg gccgattcat taatgcagct ggcacgacag gtttcccgac 
2161 tggaaagcgg gcagtgagcg caacgcaatt aatgtaagtt agctcactca ttaggcaccc 
2221 caggctttac actttatgct tccgacctgc aagaacctca cgtcaggtgg cacttttcgg 
2281 ggaaatgtgc gcggaacccc tatttgttta tttttctaaa tacattcaaa tatgtatccg 
2341 ctcatgagac aataaccctg ataaatgctt caataatatt gaaaaaggaa gagtatgagt 
2401 attcaacatt tccgtgtcgc ccttattccc ttttttgcgg cattttgcct tcctgttttt 
2461 gctcacccag aaacgctggt gaaagtaaaa gatgctgaag atcagttggg tgcacgagtg 
2521 ggttacatcg agaactggat ctcaacagcg gtaagatcct tgagagtttt cgccccgaag 
2581 aacgttttcc aatgatgagc acttttaaag ttctgctatg tggcgcggta ttatcccgta 
2641 ttgacgccgg gcaagagcaa ctcggtcgcc gcatacacta ttctcagaat gacttggttg 
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2701 agtactcacc agtcacagaa aagcatctta 
2761 gtgctgccat aaccatgagt gataacactg 
2821 gaccgaagga gctaaccgct tttttgcaca 
2881 gttgggaacc ggagctgaat gaagccatac 
2941 tagcaatggc aacaacgttg cgcaaactat 
3001 ggcaacaatt aatagactgg atggaggcgg 
3061 cccttccggc tggctggttt attgctgata 
3121 gtatcattgc agcactgggg ccagatggta 
3181 cggggagtca ggcaactatg gatgaacgaa 
3241 tgattaagca ttggtaactg tcagaccaag 
3301 aacttcattt ttaatttaaa aggatctagg 
3361 aaatccctta acgtgagttt tcgttccact 
3421 gatcttcttg agatcctttt tttctgcgcg 
3481 cgctaccagc ggtggtttgt ttgccggatc 
3541 ctggcttcag cagagcgcag ataccaaata 
3601 accacttcaa gaactctgta gcaccgccta 
3661 tggctgctgc cagtggcgat aagtcgtgtc 
3721 cggataaggc gcagcggtcg ggctgaacgg 
3781 gaacgaccta caccgaactg agatacctac 
3841 ccgaagggag aaaggcggac aggtatccgg 
3901 cgagggagct tccaggggga aacgcctggt 
3961 tctgacttga gcgtcgattt ttgtgatgct 
4021 ccagcaacgc ggccttttta cggttcctgg 
4081 ttcctgcgtt atcccctgat tctgtggata 
4141 ccgctcgccg cagccgaacg accgagcgca 
4201 gcccaatacg caaaccgcct ctccccgcgc 
4261 ctcatgtttg acagcttatc atcgactgca 
4321 ccatcggaag ctgtggtatg gctgtgcagg 
4381 aaggcgcact cccgttctgg ataatgtttt 
4441 tattctgaaa tgagctgttg acaattaatc 
4501 cggataacaa tttcacacag gaaacagcga 
4561 tggcccgagt gctgcagagg ctgtgcgagc 
4621 tcgcgctgct ggacggggcc cgcgggggcc 
4681 gctacctgcc caacacggtg accgacgcac 
4741 tgcgccgcgt gggcgacgac gtgctggttc 
4801 tggtggctcc cagctgcgcc taccaggtgt 
4861 ccactcaggc ccggcccccg ccacacgcta 
4921 gggcctggaa ccatagcgtc agggaggccg 
4981 cgaggaggcg cgggggcagt gccagccgaa 
5041 gcgctgcccc tgagccggag cggacgcccg 
5101 ggacgcgtgg accgagtgac cgtggtttct 
5161 aagccacctc tttggagggt gcgctctctg 
5221 gccagcacca cgcgggcccc ccatccacat 
5281 gtcccccggt gtacgccgag accaagcact 
5341 tgcggccctc cttcctactc agctctctga 
5401 tggagaccat ctttctgggt tccaggccct 
5461 gcctgcccca gcgctactgg caaatgcggc 
5521 cgcagtgccc ctacggggtg ctcctcaaga 



cggatggcat gacagtaaga gaattatgca 
cggccaactt acttctgaca acgatcggag 
acatggggga tcatgtaact cgccttgatc 
caaacgacga gcgtgacacc acgatgcctg 
taactggcga actacttact ctagcttccc 
ataaagttgc aggaccactt ctgcgctcgg 
aatctggagc cggtgagcgt gggtctcgcg 
agccctcccg tatcgtagtt atctacacga 
atagacagat cgctgagata ggtgcctcac 
tttactcata tatactttag attgatttaa 
tgaagatcct ttttgataat ctcatgacca 
gagcgtcaga ccccgtagaa aagatcaaag 
taatctgctg cttgcaaaca aaaaaaccac 
aagagctacc aactcttttt ccgaaggtaa 
ctgtccttct agtgtagccg tagttaggcc 
catacctcgc tctgctaatc ctgttaccag 
ttaccgggtt ggactcaaga cgatagttac 
ggggttcgtg cacacagccc agcttggagc 
agcgtgagca ttgagaaagc gccacgcttc 
taagcggcag ggtcggaaca ggagagcgca 
atctttatag tcctgtcggg tttcgccacc 
cgtcaggggg gcggagccta tggaaaaacg 
ccttttgctg gccttttgct cacatgttct 
accgtattac cgcctttgag tgagctgata 
gcgagtcagt gagcgaggaa gcggaagagc 
gttggccgat tcattaatgc agaattaatt 
cggtgcacca atgcttctgg cgtcaggcag 
tcgtaaatca ctgcataatt cgtgtcgctc 
ttgcgccgac atcataacgg ttctggcaaa 
atcggctcgt ataatgtgtg gaattgtgag 
tgaattcaga tctcaccatg aaggagctgg 
gcggcgcgaa gaacgtgctg gccttcggct 
cccccgaggc cttcaccacc agcgtgcgca 
tgcgggggag cggggcgtgg gggctgctgc 
acctgctggc acgctgcgcg ctctttgtgc 
gcgggccgcc gctgtaccag ctcggcgctg 
gtggaccccg aaggcgtctg ggatgcgaac 
gggtccccct gggcctgcca gccccgggtg 
gtctgccgtt gcccaagagg cccaggcgtg 
ttgggcaggg gtcctgggcc cacccgggca 
gtgtggtgtc acctgccaga cccgccgaag 
gcacgcgcca ctcccaccca tccgtgggcc 
cgcggccacc acgtccctgg gacacgcctt 
tcctctactc ctcaggcgac aaggagcagc 
ggcccagcct gactggcgct cggaggctcg 
ggatgccagg gactccccgc aggttgcccc 
ccctgtttct ggagctgctt gggaaccacg 
cgcactgccc gctgcgagct gcggtcaccc 

Fig. 15C 
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7381 gcgcgtcatc tctgacacgg cctccctctg ctactccatc ctgaaagcca agaacgcagg 

7441 gatgtcgctg ggggccaagg gcgccgccgg ccctctgccc tccgaggccg tgcagtggct 
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